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FOREWORD 


This report was prepared by Cameron Engineers, Inc., 1315 South Clarkson 
street, Denver, Colorado under U.S. Bureau of Mines Contract Number S0241074. 
The contract was initiated under the Bureau of Mines Program for Advancing 
Mining Technology - 071 Shale. It was administered under the technical 
direction of Denver Mining Research Center. 

This report is a summary of the work recently completed as a modification 
to the original contract during the period January to March 1976 and submitted 
by the authors on March 15, 1976. 

As part of their Energy Research and Development Program, the U.S. Bureau 
of Mines plans to develop a pilot mine research facility in the centra] 
Piceance Creek basin. The primary purpose of the test mine is to evaluate 
the potential of mining the deep, thick oi] shale deposits by several proposed 
methods. These methods include chamber and pillar mining, full extraction sub- 
level stoping, sublevel stoping with backfilling,and block caving using LHD 
transport. In addition, research programs will be conducted to furtner evaluate 
equipment technology, ventilation systems, spent shale backfilling, novel 
mining concepts, in situ stresses, rock physical properties, and the response 
of the rock mass to excavation. 

The proposed site selected for the research facility is located on Bureau 
of Land Management (BLM) land and falls under that agency's jurisdiction. Prior 
to the development and construction of the pilot mine, the BLM must prepare an 
Environmental Assessment Report (EAR) on the project. As a prerequisite to the 
required EAR the Bureau of Mines must submit a development plan to the BLM. 
This report comprises the development plan of the Bureau of Mines for submittal 
to the BLM. 
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SUMMARY 


This report is a Detailed Development Plan for a proposed demon- 
stration mine to be built and operated by the Bureau of Mines under a letter 
agreement with the BLM. The proposed site is located in R97W, TIS, T2S, Rio 
Blanco county, Colorado and includes 2,320 acres of land for surface and mining 
use with an. additional 320 acres for surface use only. | 

The primary purpose of the proposed. pilot. demonstration mine will be to 
determine the technical and economic feasibility of mining the deep, thick 
oil shale deposits that are represented in the proposed site. As a secondary 
purpose, the proposed mine will also evaluate possible health and safety hazards, 
environmental impacts, rock mechanics, ventilation, and hydrological problems, 
equipment performance, transportation systems, novel mining systems, and provide 
bulk samples for metallurgical testing. 

The mine will be developed in five phases which will include the following: 

A core drilling and geophysical data collection program. 


Boring an 8-foot inside diameter shaft to provide bulk metallurgical 
samples, preliminary rock mechanics data, ventilation, and emergency 
escapeway. | 


Sinking a 20-foot inside diameter main access shaft. 
Site preparation. 

Surface facilities construction. 

Mine development. 

Mining systems testing. 

Abandonment of facility upon completion of research. 

Mining systems to be evaluated will include chamber and pillar, sublevel 
stoping with spent shale backfill, sublevel stoping with full subsidence, and 
block caving using LHD's. Other novel systems will be tested along with per- 
tinent research programs. 

The total estimated time for completion of research and testing is nine 
years unless additional experimentation becomes necessary. Total development 
time is estimated to be four years and includes site preparation, shaft boring, 
bulk sample collection, main shaft sinking, and mine development. Peak man- 


power is estimated to be 114 during the mining systems testing. 
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Included in this development plan is a summary of the proposed activities, 
project area description, mine plan, and summaries of sociocultural actions, © 
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project mitigating actions, and reclamation and abandonment plans. 
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1.0 INTRODUCTION 


The Piceance Creek basin in northwestern Colorado contains the world's 
largest single reserve of oil shale. An estimated 600 billion barrels of 
oi] equivalent are contained in kerogenaceous marilstones averaging at least 
25 gallons of oil per ton (gpt). The central portion of the basin contains 
the thickest and richest deposits which average approximately 2,000 feet in 
thickness, and may be under as much as 1,600 feet of overburden. These 
deposits also contain significant quantities of alumina (dawsonite) and soda 
ash (nacholite) that are expected to play an important role in the overall 
economics. | 

To date, virtually all research and testing of oil shale mining techni- 
ques has been limited to underground room-and-pillar methods in the relatively 
thin and shallow deposits exposed around the edge of the basin. However, 
nearly 80 percent of the oil shale, and virtually all the associated sodium 
and alumina minerals, are confined to the much thicker and deeper deposits 
in the central part of the basin. No proven methods exist for mining these 
deposits, which are expected to present major problems in eh and mine design, 
groundwater control, and subsidence. . he” ENG e i... 

New mining methods, or modifications of existing methods must be peierevoped 
for the high production, low cost mining operations envisioned for the central 
portion of the basin. In order to determine the best way of developing and 
mining these deposits over a wide range of conditions, the Bureau of Mines 
is studying underground mining techniques. Four are currently being considered 
for field demonstration. These methods are chamber and pillar, sublevel stop- 
ing with full subsidence, sublevel stoping with spent shale backfill, and block 
caving using load-haul-dump (LHD) machines. | 


MA PURPOSE 

The purpose of this prototype demonstration mine will be to develop new 
technology, verify technical and economic feasibility, evaluate inherent 
safety, and determine the environmental effects of the most promising mining 
methods. In addition, technical information on the character of deep oil shale 
deposits will result from proposed allied research studies. 
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The Bureau of Mines, with the help of the Geological Survey, has selected 


a site for the proposed prototype demonstration mine in the central part of 
the Piceance Creek basin. Since the facility is intended to generate informa- 
tion for mining deep, thick, oi] shale sequences, efforts were made to select 
a site that will be representative of deposits in this basin. The following 
guidelines were used in selecting the site: 

1. General site area to include 2,000 to 5,000 acres of contiguous 
public lands. 

About 800 to 1,000 feet of overburden above the Mahogany zone. 
Not more than 400 feet of water-bearing, saline-leached oi] | 
Shale below the Mahogany zone. 

4. Approximately 500 to 1,000 feet of unleached saline oil shale 
above the Blue Marker, averaging about 20 gpt and containing 
representative amounts of nahcolite and dawsonite but minimum 
amounts of halite. 

5. Representative ground water conditions for the central part 
of the basin. 

6. Absence of major fault or fracture systems. 

The selected site is on public land administered by the Bureau of Land 
Management. After studying development plans and environmental protection/ 
mitigation measures, an interagency agreement between the Bureau of Mines 
and the Bureau of Land Management will be proposed to set aside and reserve 
the selected site. 


1 Tar CONTENT 

This Detailed Development Plan for the Bureau of Mines prototype mine 
facility includes discussions on the proposed activities of the pilot mine 
facility, the regional and local description. of the project area, and a 
detailed mine plan. The sociocultural actions, a summary of project miti- 
gating actions, and the reclamation and abandonment plans conclude the re- 
port. 
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2.0 SUMMARY OF PROPOSED ACTIVITIES 


The construction and operation of the pilot demonstration mine will 
necessarily result in certain activities that directly or indirectly relate 
to the local environment and communities. This section describes in summary 
- form, the actions that will occur during the development and operation of the 
facility. 


(a8, SITE ACCESS 

The proposed pilot demonstration mine site is located in R97W, TIS, 
section 30, Rio Blanco County, Colorado. Present access to the proposed site 
is by County Road 5 which parallels Piceance Creek between the town of Rio 
Blanco and Colorado Highway 64. 

A 30 foot wide, two lane gravel road will be constructed across Piceance 
Creek from County Road 5, westward up Horse Draw. The road will be constructed 
to AASHO standards along Horse Draw to minimize cutting and filling. Approxi- 
mately five culverts will be constructed across various drainage systems to 
eliminate stream diversions and allow the natural drainage system to remain. 
The road will be graded and watered as needed for dust control. 

The power corridor will] parallel the proposed mine site road. An esti- 
mated 138,000 kv power line will be run into a 5 to 10,000 kva electric sub- 
Station located on the proposed site. Two-pole, raptor proof power pole 
construction will be used to carry three high yoltage power lines. 

Outside communications will be provided by a two-way radio telephone 
system tied into a Grand Junction operator. 


Coe DATA COLLECTION 
A core drilling program, consisting of one to five core holes, will be 
used to collect more detailed geological and engineering data for the final 
mine design. Core hole layout is limited to the specific pilot demonstration 
mine site. | 
A geophysical research program will be conducted to obtain additional 
data on geology and engineering properties. Approximately 35 miles of seismic 
lines are planned using some of the following methods: 
High resalution seismic 
Shear wave seismic 
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Audio magneto tellurics 
Natural tellurics 


Magnetics 


aay SHAFT BORTNG AND BULK SAMPLE COLLECTION 

An 8-foot inside diameter shaft will be bored from the surface to a depth 
of approximately 2,400 feet. A 500-ton bulk sample of dawsonite will be 
collected from a small excavation in the shaft at an elevation to be deter- 
mined after more detailed geologic data is obtained. Approximately ten to 
15 acres will be required for the drilling site with the boring taking approx- 
imately ten months to complete. The finished shaft will be used for the pre- 
posed demonstration mine exhaust ventilation and emergency escapeway. 


2.4 SITE DEVELOPMENT AND CONSTRUCTION 

The proposed surface facilities site is located on a ridge in Horse Draw 
and will include approximately 10 acres. This area will be cleared and oraded 
prior to the construction of permanent facilities. Permanent facilities will 
include: 

Office and changehouse. 
Hoisthouse and compressorhouse. 
Headframe. 

Warehouse and repairshop. 

Fuel storage. 

Electric substation. 

Fanhouse. 

Parking lot.. 

Supply yard. 

Security hut. 

The entire proposed site will be enclosed by a deer and livestock-=proof 
fence. Surface drainage will be into a catchment cam located in an adjacent 
vi LL eWaeEenE Etyeam valley Facilities will be constructed of prefabricated 
materials and placed on concrete pads. 

Two explosives and cap magazines will be constructed approximately 1,000 
feet west of the site and secured by a deer and livestock_proof fence. A 
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20,000 gallon potable water tank will be constructed above the plant site. 
Access to both facilities will be by graded dirt roads. 


ae - DAMS AND ORE STOCKPILE 

Two earthfill embankments will be constructed in the drainages immediately 
adjacent and east of the proposed site. The dam nearest the site will be 
approximately 30 feet high and be used to collect run-off water from the plant 
site and ore stock pile. A saline water impoundment approximately 50 feet 
high will be constructed in the next adjacent drainage and be used to store 
water pumped from the mine and ore stockpile catchment dam. 

The ore stockpile will be considered temporary with attempts made to sell . 
the potentially valuable ore. Construction-of—thestockpile will start_at the 
top of the drainage above the catehment dam and proceed | down. Total storage 
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capacity will be ‘approximately. 1a, “000,000. syd 


Zp . MAIN ACCESS SHAFT 
A 20-foot inside diameter concrete lined shaft will be sunk approximately 
2,360 feet and used for intake ventilation, production,and service for the 
proposed pilot demonstration mine. Two shaft stations will be excavated at 
levels to be determined after more detailed geologic data is available. A 
freezing technique of sinking will be used for the first 1,400 feet of shaft, 
with the remainder sunk conventionally. Temporary support faciiities for 
the shaft will include: 
Office trailer 
Concrete batch plant 
Changehouse 
Freeze plant 
Sinking time for the shaft will be approximately 30 months. 


2.7 POTABLE WATER WELLS 

Three potable water wells will be drilled above the proposed site and 
will provide water for the mine plant, underground mine, and saline water dilu- 
tion. These wells will be 12 to 16 inches in diameter and drilled to the base 
of the "A" groove. Electric motors from 130 to 150-hp will provide a pumping 
capacity of 600 gpm for each well. Water lines from the wells will be buried. 


dees WATER TREATMENT 
As water is pumped from the mine into the saline water storage dam, it 
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will be tested for water quality. If the water meets minimum standards, it 


will be released into the Horse Draw drainage. However, if the water is be- 
low water quality standards, it will be diluted to the required levels by using 
fresh water from the potab] Paus 

potable water wells. Water quality. monitoring wells will 


eee 


be located below the proposed pilot demonstration mine site in the Horse Draw 


drainage to ensure minimum standards are maintained. 


2.9. MINING PLAN 

Several mining systems will be tested in the proposed pilot demonstration 
mine. Four of these systems will be chamber and pillar (with spent shale 
backfill), sublevel stoping with full subsidence, sublevel stoping with spent 
shale backfill, and block caving using LHD's. 

The approximate dimensions of the mine layout will be 2,000 by 2,300 feet 
and include mining on two levels. The maximum proposed excavated area will be 
on the upper level in the leached zone and measure approximately 400 feet 
square. This area will be used to test the cavability of oil shale. The 
highest openings will occur on the lower mining level and will be no greater 

Pesce Hic ee NN KasNOARERASE Rene PROLO CRCE 
than 280 feet. ie 
fe een 

The estimated maximum vertical sul bsidence will be 1. ot feet and occur 

axstrees iS RRA a i 3 NE RY OR EE VERE TET. Pest ee 
above the sublevel stoping with full subsidence test area. 

An estimated 2,700,000 tons of ore grade shale will be mined from the 
four mining system test areas. Mine life, after shaft construction is estimated 
to be approximately five years. However, if additional research projects are 
warranted to further evaluate the technical and economic feasibility of 
underground oi] shale mining, the pilot mine life may be extended. 

Standby plans, in case operating funds for the facility are reduced, 
include a caretaking crew to perform necessary inspection and maintenance. 


2.10 RESEARCH PROJECTS 
Several research projects are planned for the proposed pilot demonstration 
mine to evaluate the effects of mining deep, thick oi] shale deposits. These 
projects will include: | 
Rock mechanics studies 
Ventilation studies 
Blasting studies 
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Stope backfilling 
. Equipment design and evaluation 
Other mining concepts 
The only research study that will include work performed on the surface 
is subsidence monitoring. A comprehensive survey net will be used. to measure. 
predicted vertical and horizontal surface movements due to underground excava-~ 
tions. This survey net will use small pipes, one inch in diameter, set in 
approximately one cubic foot of concrete, as front sight stations. Once the 
net is completed, no access to the monuments will be necessary. 
The remainder of the research project will take place | underground and have 
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no surface. effects. 
eee 


Sem ~ ABANDONMENT AND REVEGETATION 

The total time proposed for the pilot demonstration mine ownt be approx- 
jmately nine years if the project life is not extended or the mine leased by 
the Department of Interior. Abandonment procedures for the pilot mine at 
the time of decommissioning are outlined below: 


Surface plant facilities - all salable itenis will be dismantled 
and removed. 


Concrete building foundations will be broken up and graded to 
the approximate original ground contours. 


Hard surfaced roads will be broken up in place and graded. 


Underground pipes and culverts will be broken up or left in 
place and plugged. 


Embankments_ wi Wed Whe earth, or turned 


Over to government or ae wildlife organizatT 
erosion ees AAER SIAR SEN LT N INE TIN DN tO 


Ore left in the stockpile will be covered with mee and 
revegetated. 


Ail knocked down areas and the plant site will be covered with 
topsoil and revegetated. 


Sidehill cuts and benches will be ravien or smoothed. 
Mine shafts will be filled and plugged. 


All secondary roads will be graded to remove drainage 
structures and revegetated. 


Revegetated areas will be monitored and maintained until 
proper growth is ensured. 
e coyehaleg ¢ well 


2.12 MITIGATING ACTIONS 
Throughout the development and research testing operations of the 
proposed pilot demonstration mine, mitigating actions will be made to 
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reduce environmental impact. Some of these actions are listed below: 


Roads will be graded and watered as needed to reduce erosion 
and dust contamination. 


Power lines will be raptor proof. 


Culverts will be built over drainages so that drainage systems 
will not be disturbed. 


Employees will be urged to use car pools. Bus transportation 
will be evaluated in an attempt to reduce road traffic. 


. All drill sites will be reclaimed as necessary. 


. The 8-foot and 20-foot inside diameter shafts will use 
as much of the same site as possible. All distrubed areas 
not used for the permanent surface facilities will be re- 
claimed. 


All above ground structures will be painted a color that will 
blend with the environment. 

Only biodegradable soaps will be used in the. shower facilities 
with the waste water diverted into the ore stockpile catchment 
dam. 


Impermeable safety berms will be constructed around the fuel 
storage tanks. 

Surface runoff from the proposed site will be directed into 

the ore stockpile catchment dam.and tested prior to discharge 
into Horse Draw. 

Water pumped from the mine will be stored in the saline water 
impoundment area and tested prior to discharge. If necessary 
the water will be diluted with fresh water. | 

The compressor house and fan house will be sound-proofed aS mucn 
as possible. 

Waste rock not used in embankment construction will be disposed 
of on the bottom of the ore stockpile. 


Water monitoring wells will be installed in the lower Horse Draw 
drainage to ensure water quality standards are met. 


. Runoff water through the ore stockpile will be caught behind 
a catchment dam and tested prior to release. If the water js 
below standards, it will be pumped to the saline water storage 
impoundment and diluted before release. 


. Water storage dams are located below the elevation of the mine 
site to eliminate personnel hazards in case of failure. 


. The downstream faces of the dams will be revegetated. 
» Mare \enel g onda sis 
Ewe SOCIOCULTURAL ACTIONS 
The estimated maximum number of employees staffing the proposed facility 


Co AA MA EC RA GQ? N Ee NY Gs 4) oN EF Ge ORY S 


7+ <i; a] 
he Kk 
) can Tih 7 i] i 
by ere 
soot bade a6 2 ar pay é 
[ noted 4 pubs oF bobsen 2 ha eye foils one pat 
“a ae ae rer. A ne YO bbe ee Nis ; 
f ‘ 1: ARE es fae ma. ie ae 
fe ee —, oorg 7 poly tr 
Pe emcliyy en ae Lane 
eats aye soanteth toad 02,2 syont tem 008 ified ‘od as eR a 
; bi EE SAEED ae aa 
e « “pty 4 xy ’ 7 i rc res 
d mort wef bir nat of ’foo tT Wad gz OF bate? Ww vt ale 
tats bso onubent: o3 Agretia nan j nodnul awa’ 
| “ey eba0n zo bamtel ner od. Pt Pet: aaa te’ tet 
sou Thiw-edtede Astbodethoobhent: sot 8 big Fou +8 
ais boduyteth ETA satdbaroq @6 otte, amee ett to, payin K “a 
(od Trtw 2arePitaat saaTiwve Siohiemed cabal AT | boay 3 ee > 
) . Pret ee / ebomtst 2 ore 
[ftw tas sofeots batafsq ad Fitw eovurgusse bavortp evods: ThA Poe 
. Sorina t tying “ong “As tw beraid a 
shri fton ‘wns arid sey AO. tTie 21) ROS ofdeberpabotd vind. 7 
namiotso $ttadoet2 eo att ofnt bebaavib aetaw efeaw oat istiw | 
| tat 
fout si2 AnuOTtE botountanos 94 Titw gtved Yiotee Sldaairwanl 
 .Raeted Spaate 
sikh od ff lw ro herecora ate mot Vote eaehae 
eth af tokn Peay ON ah dneniotss al teiaole, Bao oRe 
| f «WEN op tiie, ont [ 
stow anki ne ont at of2 od Of hw onke odd mo¢t 3 wage: “"¢ Pith ns | 
visv2ooen. th  saertedoeth os rg ot bis 6avh. sabres ot 
° i ay 1345 wt } + 8 Crh "1% Tait te 
. 6 SS TOO Huoe od TT hw sevom net DAS oawon 4g oR" Sheherte 
Ne id reeen 3 sO 
bseon2th sd (ftw aottowitened Jesainscis 11 baow fan $54" ate ie in 
; : rae st2 ovo et PO franck Pet ony oe Be eh 
. ~ 4 y 
et f efit at boffehent ad Ftv 2{ifow t Pind hiro, 4 ashe 
tom ae abvebasse vi} Teup 139 HW: 9" etc ed Be Jin ib » 
bu kdod Anyss 3d ri hw @ yqsose aig ond dworyt veh i 
af “etaw art tI 328 Cary Oo} (a! "9 bates? bas shisb aim 
spsiore yetsw sahise ans ie boqmuq 9d [hie at eh veir: 
. zegfar eroted botul thy, bas ws 
ontm afd to Hotisvats ¢ dt wolod .betsool. axes ameb. ayer gery oe 
PUTEST To O28 NT 2018584 fanhog dvi ads GE Ses 
es ei 
| batstopevey ad tfiw ama old. to. he * 
7 : ‘ " j Ag r ; ioe z vip * 
| - y ca i £ 4" < 4 


vs EL fost b | baeoq aor and pri 


will be 114. The lowest number of employees will be four. Whenever possible, 
employees will be hired from local areas. It is expected that a small number 
of skilled personnel will be attracted to the area to fill certain jobs. In 
the absence of such skilled personnel, job training will be offered. 

Industry/community communication will help communities plan for industry 
-associated growth. At the present time, adequate housing for incoming workers 
probably exists in Rangely and Rifle. Private plans are being made for con- 
struction of mobile home spaces in Meeker, Rifle, and Grand Valley. 

Private plans for increasing sewage and water capacity in Rangely and 
Meeker are being made. Once these changes are complete, systems will be 
adequate to support a smal] population influx. 

The economic benefits to the surrounding towns hs be feséenta when the 
proposed mine discontinues operation. 
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Je 0 PROJECT AREA DESCRIPTION 


These descriptions of the Piceance Creek basin and proposed pilot mine 
site are intended to provide continuity to the report and have been modified 
from available literature. Additional baseline data has not been added. 


3 | REGIONAL DESCRIPTION, PICEANCE CREEK BASIN 


a et Physiography 

The Piceance Creek basin is a major structural basin in Rio Blanco, 
Garfield, and Mesa counties, Colorado, Figure 3.1. The basin is bounded by 
steep escarpments that face the Colorado River on the south, the Wnite River 
on the north, the valleys of Government and Sheep creeks on the east, and 
Douglas Creek on the west. 

The Roan Plateau, an east-west trending structure in the southern part 
of the basin, forms a drainage divide between tributaries of the Colorado 
River to the south and the White River to the north. The northern drainage 
system is the larger of the two, and the principal streams in this drainage 
are Piceance Creek and Yellow Creek. Principal streams in the southern drain- 
age system are Parachute Creek and Roan Creek. 

Differential resistance to erosion has produced parallel, northeasterly 
oriented bedrock ridges with local relief of. 200 to 600 feet. 


S Bin Climate 

Annual precipitation in the semi-arid Piceance Creek basin varies from 
approximately 12 inches in the extreme northwest to approximately 24 inches 
in the southwest. Slightly less than half of the precipitation occurs as snow 
from December to April, and spring precipitation is usually very low. During 
the latter part of the summer, occasional thunderstorms, with accompanying flash 
floods, may occur throughout the area. Fair weather and infrequent rain or 
Snowstorms Characterize fall weather. 

The area is subject to thermal extremes; summer temperatures may reach 
100 degrees and winter temperatures may drop to 40 degrees below zero Fahren- 
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heit. The frost-free season varies from 124 days at the lower elevations to 
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90 days at upper elevations. 
en Geology 
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Rocks outcropping in the Piceance Creek basin range in. age from late 
Cretaceous to Tertiary, and are grouped into five formations. From oldest to 
youngest they are: Mesaverde, Fort Union equivalents (unnamed), Wasatch, Green 
River and Uinta formations, Figure 3.2. 

The Green River Formation, of Eocene age includes shales, sandstones, 
siltstones, and limestones.. This formation is divided into three members based 
on lithology. From oldest to youngest they are the Douglas Creek, Garden Gulch 
and the Parachute Creek members. Of these, the Parachute Creek Member contains 
the majority of the oi] shale resources in the basin. 

The thickness. of the Parachute Creek Member ranges from over 2,000 feet 
in the north central part of the basin to about 500 feet at the basin margins. 
The most consistently rich oi] shale zone is called the Mahogany zone. This 
zone is 100 to 200 feet thick and located approximately 300 to 500 feet below 
the top of the Parachute Creek Member. The Parachute Creek Member is divided 
into the Lower 011 Shale zone and the Upper Oi] Shale zone. The Lower Oi] 
Shale zone extends from the top of the Garden Gulch Member to the base of the 
Mahogany zone. The Upper Oi] Shale zone includes the Mahogany zone and the 
remainder of the Parachute Creek Member. The Lower 0i1 Shale zone is further 
divided into. alternating rich and lean zones, based on shale oi] yields eee 
The Lower Oil Shale zone also contains dawsonite and the water soluble minerals 
nahcolite and halite. These water soluble minerals have been dissolyed in some 
areas creating a leached zone which ranges from 400 to 800 feet thick. The 
oil shale in these leached zones has consequently been upgraded, and an aquifer 
created. 


2 woe othe Ure 

The Piceance Creek basin is a large, asymmetrical, northwest trending 
structural downwarp with structural relief of almost 4,000 feet in the area 
north of the Colorado River, Figure 3.3. There are several large substructures: 
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Figure 3.2 Geologic Cross Section Through Piceance Creek Basin 
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Ne Base of Eocene Green River Formation 
STRUCTURE SYMBOLS 
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Figure 3.3 Tectonic Map of Piceance Creek Basin (2) 
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the Piceance Creek dome in the northeast, the southeast trending Rangely anti- 
cline in the northwest, and the Massadona Anticline in the north central part 
of the basin. 

A number of northwest trending high-angle normal faults of small displace- 
ment cut the Green River Formation. The faults frequently form the walls of 
grabens, and the downdropped blocks may contain numerous minor faults with 
small displacements. | | 

Most of the tributary streams of Piceance Creek have pronounced alignments 
to the northeast. Many side guiches trend northwest at right angles to the 
major stream drainages. These alignments reflect trends of the major joint 
systems. The joint systems are readily mappable along the outcrop of the oil 
shale. Jointing is well developed in. the brittle marlstone and low grade oil 
shale but usually more poorly developed in the more plastic Mahogany Ledge 
and some rich lower oil shale zones. The te joint systems may ee avenues 
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In-place oil shale resources in the Piceance Creek basin, in zones thicker 
than 15 feet and averaging at least 15 gpt, total about 1.25 trillion barrels 
of oil. In the center of the basin, the oi] shale sequence is about 2,000 feet 
thick with individual beds about one foot thick. The oil yield from these 
strata ranges from a few to as many as 90 gpt. 


3.1.4.2 Nahcolite 

Nahcolite is sodium bicarbonate (NaHCO. ) and occurs throughout the major 
part of the Parachute Creek Member in the central portions of the basin. . It 
is present as elliptical pods that are as much as several feet in diameter, or 
as beds up to ten to 12 feet thick. In all parts of the upper oil shale zone, 
nahcolite probably averages less than five percent by weight. Near the center 
of the basin, where the deposits of nahcolite are best deyeloped, resources 
of as much as 0.3 billion tons of nahcolite per square mile are indicated (3). 
Nahcolite is a potential source of soda ash, which can be used for removal of 
sulfur from industrial stack gases. 
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3.1.4.3 Dawsonite | 

Dawsonite is dihydroxy sodium aluminum carbonate, (NaAT) (OH), (C03), and 
is finely disseminated through oi] shale in the Lower Oi] Shale zone in the 
central part of the basin. It is relatively easy to extract alumina from 
dawsonite. Although the percent of alumina in dawsonite is small, in light 
of recent. price increases of bauxite, dawsonite may be of economic interest. 
A sequence of oil shale as thick as 800 feet near the center of the basin; 
contains dawsonite in appreciable quantities. Units of minable thickness may 
contain three to five percent by weight of equivalent extractable alumina. 


3.1.4.4  Halite 

An area of approximately 75 square miles in the north-central part of 
the basin is underlain by halite. The zone containing halite may be more 
than 300 feet thick, with individual halite beds as thick as 30 feet. The 
halite beds contain no organic matter. | 


3.1.4.5 Natural Gas 
Natural gas is produced from the Piceance Dome in the northeastern part 

of the Piceance Creek basin. The uppermost productive zone is in the basal 

Sandstone of the Green River Formation. Other productive sandstones as much 

as 6,000 feet below the Green River Formation are known. In other parts of 

the basin, gas-bearing sandstones have been encountered in many exploration 
wells. However, the wells have been capped due to limited production poten- 
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Piceance, Yellow, Parachute, and Roan creeks are the principal streams 
draining the Piceance Creek basin. Piceance and Yellow creeks are tributary 
to the White River. Parachute and Roan creeks are tributary to the Colorado 
River, Figure 3.1. These four streams and their tributaries drain approxi- 
mately 1,400 square miles. Their combined average annual discharge is 58,000 
acre-feet. Water from these streams irrigates about 8,700 acres of farm land. 
The average discharge and drainage area of each of the four streams is 
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summarized in Table 3.1. 


The primary sour urface water 1s _shownel t. t. Secondary sources in- 
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clude rainfall. and Springs. The surface waters of the upper reaches of the 


principal streams generally can be classed as a mixed bicarbonate type, 
grading to a sodium bicarbonate type in the lower reaches. 


3.1.5.2 Groundwater 

Groundwater occurs throughout the Piceance Creek basin in alluvium and 
in the Uinta and Green River Formations. The alluvium is generally less than 
a half mile wide and consists of clay, silt, sand, and gravel. 

Aquifers of the Uinta and Green River Formations are divided into the 
Upper and Lower aquifers. They are separated by the Mahogany zone, which is 
more plastic than surrounding strata, and less extensively fractured. Exist- 
ing fractures in the Mahogany zone probably provide avenues of recharge for 
the Lower aquifer. The Upper aquifer includes siltstones, sandstones and 
maristones of the Uinta Formation, and the lean marlstone above the Mahogany 
zone of the Green River Formation, Figure 3.2. The Lower aquifer is under the 
Mahogany zone. It consists of fractured marlstone and oil shale of the 
Parachute Creek Member of the Green River Formation. 

Neither the Upper or Lower aquifer has good primary permeability. Bed- 
rock fractures have created the secondary permeability of the Upper aquifer 
Lower aquifer transmissivity has been increased by extensive fracturing and 
leaching of soluble minerals. Nahcolite is the most common. soluble mineral 
and originally may have comprised 20 percent of the Lower aquifer's rock 
material. - The Lower aquifer is underiain by deposits of low transmissivity, 
with the salts of deposition stili in place. 

Aquifer test data from 26 wells in the Upper aquifer show that trans- 
missivity ranges from eight to 1,000 ft*/day, depending upon the extent of 
fracturing. The contained water is classified sodium bicarbonate type and 
has moderate concentrations of sulfate. Total dissolved solids ranges from 
400_mg/1_to more than 2,000 mg/1, reasing in the dir 


es sivity of the lower aquifer ranges from 1,940 Ft /day to 


increasing in the direction of flow AY. 


2,700 ree ‘/day. Twenty-seven water analyses show dissolved solids concentra- 
tions ranging from 491 to 38,900 mg/l, the average eng 9 2490 mng/1 (4 of 
aN eeememmilinl naar as 
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Table 3.1 Average Discharge from 


ne the 
Station Location = Area (mi*) (mis) 
Piceance Creek at 630 
White River 
Yellow Creek near 262 
White River 
Parachute Creek near Ths 
Grand Valley 
Roan Creek near 32] 
DeBegque 
Totals 12355 


Principal Streams Draining the Piceance Creek Basin 


Acres 
Irrigated* 
5,500 


300 


nO 


* Acres irrigated above gaging station 


Average 
pesca 


ghed 


2.4 


Discharge 
At ts 


15,790 


1,740 


13,400 


26,810 


98,110 


Remarks 


900 ft. upstream from 
mouth 


0.3 mile upstream from 
mouth 


9 miles north of Grand 
Valley discontinued 9/70 


10 miles NW of DeBeque 


discontinued: 9/72 


Alluyium thickness increases downstream. It is estimated to be up to 
140 feet thick, with saturated thicknesses as great as 100 feet. Alluvium 
transmissivity is variable and depends: upon saturated thickness and occurrence 
of silt and clay-sized material. Transmissivity of the alluvium in the main 
drainages ranges from 2,700 to 20,000 ft/day, with a storage coefficient 
averaging 0.20 (5). Yields of wells tapping alluvial aquifers are limited by 
the extent of the aquifer. Water from alluvial aquifers is classified as 
sodium bicarbonate type. Dissolved solids concentration increases downstream. 


i# POCA Ry! - a 4 il Sook =a NRE I LPR Wa DE SP eA LR, PLEIN, Ym 2 soe 
en 2 oe - . SAGAR ERAS BR IRN TRO tab rE IPN TENET POR Ae BP FRc 
enn SH RSE TE HA oe: ee tT a ve 


eats Soils 

Soils in the Piceance Creek basin range from very thin or none on the 
steep slopes and cliffs, to thick alluvial soils on the wider valley floors. 
Upland areas may be covered by thin soils or thick alluvial soil. 

Alluvial valley land supports good hay crops where irrigated, otherwise 
only sagebrush or greasewood. The upland alluvium supports sagebrush with 
some grass. The thin upland soils generally support pinon-juniper. 

Land types such as rock outcrops, rough guliied land, and shale badlands 
occur as small areas throughout the basin. 


Sra: / Vegetation 

Vegetation in the area is predominantly of three major types: sagebrush, 
mountain shrub, and pinon-juniper. Other vegetation occurring in lesser quan- 
tities includes greasewood, saltbush, conifers, broadleaf trees, and grass. 

Privately owned valley lands, comprising about five percent of the area, 
are cultivated and produce mostly hay. No large infestations of poisonous or 
noxious plants are known in the area. 

In recent years large upland areas in the basin have been cleared by 
dragging a heavy chain between large tractors, with the objective of increasing 
forage for stock and wildlife, Figure 3.4. Native and special grass seed has 
been planted in the chained areas. Grass yield in these areas is reported to 
be several times more than the unchained land. Occasional forest or brush 
fires in the areas are commonly followed by improved grass stands resulting 
in improved stock grazing conditions. Grass has been planted in immature 
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dirt fill in pipeline rights of way, generally with good yield. Availability 
of sufficient ground moisture in this semi-arid region is the most important 
factor in development of forage grass. 


eis Land Use and Population 

Agriculture, primarily grazing, is the traditional land use in the 
Piceance Creek area. Much ¢ of t the oil shale land 1s.privately o owned by oi] 
companies, either surface ownership or mineral rights with extensive surface 
rights and alternate use restrictions. Much of this land is leased to local 
ranchers for grazing purposes. Smaller stream valleys support a smal] amount 
of cropland. Public lands in the basin serve as forage areas, wildlife habitat, 
coal, oil, natural gas and natural gas liquids production, as a watershed, 
and for outdoor recreation, Figure 3.5. 

The Piceance Creek basin is 200 miles from major population centers of 
Denver, Colorado and Salt Lake City, Utah. Urban settlements occupy less than 
15 square miles of the total 9,563 square miles in Garfield, Mesa and Rio Blanco 
counties. Towns closest to the basin are: Dinosaur, Rangely, Meeker, Glenwood 
Springs, Rifle, Grand Valley, and DeBeque. The basin is bounded by U.S. High- 
way 6 along the Colorado River, Colorado Highway 64 along the White River, and 
Colorado Highways 13 on the east and 139 on the west, Figure 3.6. The interior 
of the basin has numerous unsurfaced roads and trails that lead from the main 
access routes. 

Only 150 people live in the Piceance Creek basin, an average of one person 
per 11 square miles. According to the 1970 census, population of nearby 
Rangely, Meeker, Rifle, Grand Valley, and DeBeque totals 5,763. 


3a2 SITE DESCRIPTION 


382.1 Location 

The site selected for the pilot mine is in central Piceance Creek basin 
near the confluence of Ryan Gulch and Piceance Creek. The site is within 
approximately four square miles clustered around Horse Draw, an intermittent 
stream valley, Figures 3./, 3.8, Table 3.2. 


Sone Physiography 
Physiography is controlled by rock type faults and fractures, and stream 
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Figure 3.6 Roads and Towns Surrounding Piceance Creek Basin 
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Table 3.2 Legal Description of Public Lands for Pilot Mine Facility 


Surface and Mining Use 


TIS R97W 6th P.M. 


Sec. 30 ALL 

S@G. - Si ALL 

SW/4 Sec. 29 

W/ 2 SE, 4 Sec, 29 
We Sec. 32 
Wheseyr Sec. 32 


TIS R98W 
Ev 7e Sec. 36 
Totalkpacres =.2.320. 


Cc A M 


Surface Use Only 


T2S° RO/W 
N/2 NE/4 Sec. 6 
NE/4 NW/4 Sec... 6 
TIS = R97W 


S/e Nhe see..c9 
SW/4 NW/4 Sec. 28 


Total Acres = 320 
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Figure 3.8 Oblique Air Photo of Proposed Site 


erosion. In this part of the Piceance Creek basin, the Uinta Formation, which 
outcrops on site, is a thin to massive bedded yellowish-orange sandstone that 
tends to erode into canyon and ridge topography. 

Two joint sets have been measured at the Anvil Points mine (6), trend- 
ing N40°E and N63° SE. Horse Draw a and its tributaries appear ‘to be at least 
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partially ¢ controlled by these same Joint orientations. South of the site a 
large fault ‘trends. ‘approximately "NEON. “Many strea ums on the east side of 
Piceance Creek are controlled by this fracture set. 

Erosion along the joints has been severe, resulting in steep sided canyons 
with flat tops. As a result, the ground surface has a very chopped appearance. 

The lowest elevation in the area is 6,100 feet at Piceance Creek and Ryan 
Gulch. The highest elevation is approximately 6,450 feet at the head of Horse 
Draw. 


Sars. Soil 

Two soil types are found on the selected site. Classified according to the 7th 
Approximation Of Soil Classif fications. these are Eutroboralfs - Rock Qutcrops - 
Haplobo rolls, and Ustifluvents - Fluyaquents (7). ‘The Eutroboralfs Soil 
Association is found in the upland areas, while the Ustifluvents. is found in 
Stream valleys and low terraces. 

The upland soils have developed from shales and sandstones of the Uinta 
Formation in cool temperatures. These soils are calcareous and well drained. 

The uplands are vegetated by range plants and shrubs. These sparsely ve- 
getated upland soils are extremely vulnerable to disturbances like overgrazing 
or oil shale development, which will accelerate wind erosion. Because of the 
Short growing season, low precipitation, and wind, vegetation is difficult to 
re-establish. Although the soils of the Piceance Creek basin are generally 
well supplied with plant nutrients, they are yery thin and cool or. cold, which 
also limits the kind of crops that can be grown. 

Soils in the stream valleys have developed from alluvium and are classified 
as Ustifluvents - Fluvaquents. These are cool, deep and moderately deep soils. 
They range in texture from moderately coarse to moderately fine, and well drained 
to poorly drained. They are found on nearly level and gently sloping (three to 
nine percent) Tow terraces and narrow valley flood plains. 
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These alluvial soils are generally warmer, and alfalfa, timothy, and other 
crops can be grown. They are susceptible to sheet erosion, gullying, and channel 
erosion. Revegetating these soils will be faster because of their greater depth 
and supply of plant nutrients. Erosion controlling engineering practices and re- 
af togoaeeth 
3 dae UC. tasuceetinn Ans 


Climate of the Piceance Creek basin is characterized by abundant sunshine, 


vegetation will be necessary (8). 


low precipitation, warm summer temperatures, and low relative humidity. Areas 
with this type of climate are classified as arid steppe. The local climate is 
strongly influenced by slope, aspect, elevation, soil type, soil moisture content, 
and vegetation. Fair weather surface wind patterns and vertical temperature 
profiles depend almost entirely upon local topography. Unfortunately, complete 
long-term weather records for the Piceance Creek basin are nonexistent. 


senting Phe itaiion 

Average precipitation across the basin is strongly influenced by local 
terrain and elevation. For-example, Meeker at an elevation of 6,347 feet, re- 
ceives nearly twice as much precipitation as Rangely, elevation 5,216 feet. 
From short term records at a few locations, an average precipitation of 25 
inches is estimated for the basin top. One of the most important parameters in 
_ development planning, rainfall intensity, has not been measured in this area. 

Approximately one-fourth to one-half of the basin's precipitation occurs 
as snow. Snow depths may reach several feet in mid-winter in lower parts of 
the basin. This snow melts quickly below elevations of 7,000 feet, because of 
the clear skies and intense solar radiation. 


3.2.4.2 Air Temperature 

Climates like the Piceance Creek basin's often have extreme daily and 
annual temperature ranges. Because of the aridity and strong solar radiation, 
mid-summer afternoon temperatures are often quite high. Due to cold air 
drainage, lower valleys may have mid-winter temperatures well below minus 20 
degrees Fahrenheit. 

Last spring frost is usually about June 1 in the White and Colorado River 
valleys. First autumn frost usually occurs in mid-September. Average frost 
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penetration into the soil is 24 inches, and a ten year maximum is 50 inches. 


3.254. len WIN 

Only very scanty data are available for analyzing wind circulation in the 
Piceance basin. Prevailing winds are from the southwest throughout the year. 
_ Local characteristics of topography, surface flow, and synoptic gradient flow 
control local wind circulation. Generally, however, during the daytime air 
will move vertically, and upvalley due to terrestrial heating. At night, air 
at high elevations loses heat and tends to drain downvalley. Temperature in- 
versions are thus created in the valleys, but probably do not last through the 
next afternoon (9). 


sah abe Vegetation 

In any specific location, vegetation in the Piceance Creek basin is closely 
related to elevation, aspect or direction of slope, degree of slope, wind 
direction, soil characteristics, and grazing and browsing patterns: The plants 
of the region are well adapted to the particular combinations of physical and 
biological factors in each habitat. Yegetation types most susceptible to 
disturbance are those in areas with the greatest soil development and best 
microclimate conditions. Species palatable to wildlife are often damaged, 
and less palatable plants benefit from decreased competition. 

In the proposed pilot mine site, the most common vegetation types are 
pinon~juniper with mountain mahogany, serviceberry, and sagebrush understory. 
Alluvial soils support tall sagebrush with little understory; in saline or 
mineralized alluvium greasewood and shadscale are found. Palatable forbs 
are mountain mahogany, bitterbrush and serviceberry. These vegetation types 
are found in fairly extreme environments, and therefore are relatively stable — 
with respect to mechanical disturbance. Destruction of the land surface will, 
of course, adversely affect the vegetation. 


oneKG Surface Water 

The proposed mine site is located on Horse Draw about 1.5 miles upstream 
from its confluence with Piceance Creek, Figure 3.7. Piceance Creek flows all 
year and Horse Draw is an intermittent stream. 

The U.S. Geolgoical Survey maintains a gaging and water quality station 
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on Piceance Creek below its confluence with Ryan Gluch. Average streamflow 
at this station, using 10 years of record, is 17.7 cubic feet per second (cfs), 
or 12,820 acre-feet per year. Total drainage area above the. station is 485 square 
miles. During the water year October 1972 to September 1973, the dissolved 
solids concentration in water samples taken at the Piceance Creek station at 
Ryan Gulch ranged from 851 to 1,330 milligrams per liter (mg/1). 

For comparison, stream flow in Piceance Creek at the White River averaged 
21.8 cfs or 15,790 acre-feet per year for six years of record. Dissolved solids 
concentration in samples during the October 1972 to September 1973 water year 
ranged from 1,040 to 2,470 mg/1. 

Selected water quality parameters are shown in Figures 3.9 through 3.13. 
“Note the “relettonsttp between” streamflow,” “totaldTssolvéd solids and sediment 
load oe pe Piceahice ‘Creek at two locations. _The wide” “range” “in water quality through 
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S28 Groundwater 

Two test wells were drilled by the Bureau of Mines on the Horse 
Draw site during November and December 1975, and January 1976, Figures 3.14 
and 3415. 

Drill hole USBM-O1A: Drilling began on November 7, 1975, and was completed 
on November 22, 1975. A rock bit was used from the surface to a depth of 830 
feet. From 830 feet to 2,547.6 feet, 4-inch diameter continuous core was taken. 
The hole was deepend from 2,547.6 to a TD (total depth) of 2,610 feet using a 
rock bit. 

Drill hole USBM-02A:° Drilling commenced on December 8, 1975, and was ter- 
minated on January 24, 1976. Intervals drilled with a rock bit include 0-197.5, 
212.5-217.5, 975.5-983, and 1,451-1,458 feet. The remainder of USBM-02A was 
continuously cored; 4-inch diameter core was taken to TD of 2,660.0 feet. 

Two aquifer tests were completed in well O2A, the first on the upper 
aquifer, and the second test on the lower aquifer. Preliminary analyses of 
test 1 data indicate a transmissivity of 2,500 Ft/day for the upper aquifer. 
Time draw-down data describe a Curve typical of vertically fractured wells, 
suggesting that well O2A may be in or near a vertically fractured zone. This 
interpretation, combined with test data from OIA, indicates that anisotropic 
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conditions, which are a possible result of faulting, exist at the test site. 
The storage coefficient of the upper aquifer is about 3 x Tigh which is typical 
for this aquifer in the basin. Change in water level below the Mahogany zone 
was too small to measure indicating that vertical permeability of the Mahogany 
zone must be less than 0.05 ft/day. Water produced from the upper aquifer had mh 
a temperature of 15°C, and a SPEEA conductance of about 1,200 micromhos at 
or U4 

The lower aquifer was tested on January 9, 1976. The well was pumped at / 
an average rate of 174 gpm for only 15 minutes. As a consequence of the limited 
duration of the test, no water level changes were observed in well O1A.. Analysis eda 
of resulting data from test 2 indicates a transmissivity of less than 300 ft? /day / 
in the vicinity of 02A. The low transmissivity value indicates that fracturing \ 
which caused the relatively large transmissivity in the upper aquifer does not \ 
persist below the Mahogany zone. This interpretation is probably not completely 
accurate since the pumping test was of very short duration. A storage coefficient 
for the lower aquifer could not be computed from collected data. Aquifer tests 
in other parts of the Piceance Creek basin indicate storage coefficients of about , 
Tike | 
ture of 15°C and a specific conductance of 1,600 micromhos at 25°C. 


for the lower aquifer. Water produced from the lower aquifer had a tempera-“ 


Using available data, accurate estimates of flow from these aquifers 
could not be made. Therefore, in mine and surface facility design, a “worst 
case approach" of 10,000 gpm was adopted. Unless additional data is cbtained, 
pumping facilities will be designed to accommodate this flow. 


eae Water Quality 

Throughout the Piceance Creek basin, water quality of the upper aquifer 
is generally better than water quality of the lower aquifer. In the mine plant 
area water quality is good enough for most domestic uses. The high sodium and 
sulfate content may cause discomfort to certain people, so it may be desirable” 
to obtain potable water from a different source. 

Water pumped from the mine will be from the lower aquifer, and of lowe 
quality. Of particular concern was high fluoride and sodium bicarbonate ¢ con- 


Fem IR ac 


tents Before disposal, this water should be sufficiently diluted to avai id 


RPA ENIAC ALU ORI RS RIEL ETRE Sastre oo — aol 


threatening normal aquatic life and irrigation systems. Water “quality regula- 
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tions for surface disposal of this saline water are difficult to establish as 


Ea aA oA NS cnc 


the quality of Piceance Creek varies drastically. throughout: the “year. | ‘Therefore, 
NNN eft NL SITE ONS KITA LOSI TS EARS CLASHES M ENISHI ISLA GEL INNES NE IGOR 

a mid-range limit of specific conductance or total dissolyed solids of 5,000 

micromhos/cm at 25°C is suggested for the upper limit of specific conductance. 


This figure is approximately equivalent to 2,500 mg/l total dissolved solids. 
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4.0 MINE PLAN 


The primary function of the pilot demonstration mine will be to test proposed 
mining systems that are uniquely adapted to large scale oil shale mining. These 
mining systems will include chamber and pillar, sublevel stoping with spent 
shale backfill, sublevel stoping with full subsidence and, block caving using 
LHD's. Several modifications have been made in the systems as originally 
designed (10), to adapt them to a common transportation system and smaller 
scale. The mining systems presented in this section probably represent 
the maximum dimensions needed to adequately test each technique. As a 
consequence, the total time allocated to test the mining systems is con- 
sidered to be conservative. | 

A secondary function of the pilot demonstration mine will be to evaluate 
possible health and safety hazards, rock mechanics, ventilation and hydrological 
problems, transportation systems, environmental impact, equipment performance and 
other novel mining concepts. In addition, bulk samples of nahcolite and/or 
dawsonite berming ore will be provided for metallurgical testing. ¢ 

The following subsections describe in more Re PER TMI A 5, 
development and construction of the facility, mine design and operation, and 
abandonment and standby plans. Where necessary, typical plans or sections 
are presented but are not to be interpreted as the final design. 


4. SCHEDULE 

Engineering, development and construction, operation and decommission- 
ing of the pilot mine facility will proceed in five phases. The phases 
and their estimated duration are shown in Figure 4.1, and described in 
the following subsections. The present estimated life of the project is 
108 months or nine years. 


‘ket. « Phese | 

The first phase of the proposed pilot mine project will consist of 
engineering design of facilities and mine, a core drilling and geophysical 
pragram and construction of access roads, dams, shaft site, and the boring 
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Develop Sublevel & Under Cut Level 

Develop Sublevel Steps Haulage 
Sy¥5 ten 

Backfill and Monitor Chamber and 
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(Backfill) 
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Deyelop Block Caving Level 

Mine Second Backfill Stope and 
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PHASE YA - ABANDONMENT 


emoval & Sale of Underground 
Equipment 

Mine Closure 

Site Restoration 


PHASE VB - LEASE OF MINE 


PEASE VC - EXTENSION OF RESEARCH f ' | 2 ee Ser cop ee 
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Figure 4.1 Scheduling of Project Phases 
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Table 4.1 Surface Disturbance by Phase 


Activity Phase I Phase Il Phase IIT Phase IV Phase V 


Coredrilling 4.2 - ~ ~ i 
pape te 15 0) 5.0 ~ = e 
Road Construction 7.4 Lee ~ ie” = 240 
Shaft Ved etn 15.0 8.0 - si _ 
Power Lines = FC] zs és 3 
Water Impoundments Bat ~ : = = 
Ore Stockpile 4 3.0 5.0 31.0 d 
Ancillary Facilities Peal 2.0 - - - 
Mining - - s 100.0 - 
Totals 50.8 92.3 Be 0 Tobey (a 
4-3 


. 7 45. 
) <b Veale sh 


hes, og $e og ta 
sani a sowed tat 


: ‘nai on oi: beo' 


ft tana vt: 4 


viv 


of an 8-foot inside diameter shaft. The projected duration of Phase I activities 
is 12 months, (24 months for core drilling), however, preliminary engineering design 
Started in 1975 with three coreholes drilled to date under SLUP Number C-22672. 

Once an interagency agreement is reached between the Bureau of Mines 
and Bureau of Land Management for operation of the pilot demonstration mine 
facility, construction will begin on the site. Initially, core drilling of 
about one to five holes on the proposed mine site will start _and provide 


ical gata necessary to finalize mine designs. In addition, 


eh tes te investigations over the general area will be conducted to further 
increase the data base. A contract to provide the detailed engineering plans 

for all surface and underground facilities will then be awarded. ‘When the final 
sites for the shafts are located, the main access roads, powder and cap magazines, 
two water storage dams, and a portion of the ancillary facilities will be con- 
structed. . 

Boring the 8-foot inside diameter ventilation shaft is estimated to take 
approximately ten months for completion. A total crew of i persons will be 
required for the boring operations. An_ estimated 3; 000 yd or cuttings will 
be discharged and placed on. the bottomof the ore st ckpile. area. 

An estimated 50 acres of land will be disturbed during the first 
phase, including a total of 10,700 feet of gravel and dirt roads, Table 4.1. 

A peak work force of 36 people will be used during this period, the maj- 
ority coming from local populations. A temporary power generator and radio 
telephone communications will be installed just prior to Phase II operations. 


4.1.2 Phase II 

Phase II will consist of shaft sinking operations and the completion of 
construction of permanent surface structures. Two contracts, to determine 
the method and cost of conventionally sinking a 20-foot diameter, concrete 
lined production and service shaft, were let in December 1975. At the 
beginning of Phase II a contract will be awarded for the construction of 
a hoisthouse, headframe and 2,400 feet of 20-foot diameter vertical shaft. 
Phase II will have a duration of approximately 30 months. 

Sinking the conventional shaft is estimated to take 30 months, due to 
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the expected need for freezing the leached zone prior to sinking. In- 
cluded in the shaft construction wil] be excavation of the two proposed level 
stations at depths to be determined from analysis of additional corehole data. 
Crews will operate on a three shift per day, five day per week work schedule. 
Peak manpower will be 20 people per shift or a total crew of 60. Production 
tonnages from sinking and station excavation are estimated at 30,000 tons of 
waste and 45,000 tons of ore grade shale, Table 4.2. The excavated material will 
be stockpiled in-a draw adjacent to the shaft site. Water from the shaft 
dewatering will be pumped to a saline water storage pond. 

Ancillary facilities will be finished during this phase and include 
the office, changehouse, maintenance shop, fuel storage, and compressor- 
house. A 138,000-kv power line will be run into a 5 to 10,000 kva electric 
substation to replace the temporary generator. Radio telephone communic- 
ations are planned to be used throughout the life of the project. 


2 ee Phase III 

Phase III is the development period for the undergound mine and is 
estimated to last about nine months. However, the detailed engineering: 
for underground mine layout and the ordering of equipment will be per- 
formed during Phase II. 

Underground development will consist of completing the initial vent- 
ilation network to comply with Title 30, Code of Federal Regulations, for 
gassy mines. During this period one chamber and pillar stope will also 
be prepared for testing. | 

Total mine personnel will consist of approximately 82 people working a two 
shift per day, six day per week work schedule. The total production ton- 
nage during this period is estimated at 116,000 tons, Table 4.2, and will be 
stored in a temporary ore stockpile. Approximately five acres of land 
in the ore stockpile will be covered by mine production during this period. 


4.1.4 Phase IV , 

This phase of the pilot demonstration mine operation will consist of testing. 
the economic and technical feasibility of several proposed mining methods. 
Some of these methods are chamber and pillar, sublevel stoping with spent 
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Table 4.2 Production Tonnage Forecast 


Phase 


Totals 


_Cubic Yards (Broken) 


Waste Ore — Total 

4.000 5,000 9,000 

20,000 30,000 50,000 
- 81,000 81, 000 

- 1,769,000 1,769,000 


24,000 1,885,000 1,909,000 
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Waste Ore 

5,000 8,000 

30,000 45,000 
- 116,000 


Total 
13,000 
75,000 


116,000 


she your ,00U 2.50, 000 
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Shale backfill, sublevel stoping with full subsidence, and block caving 
with LHD's. The last system will not be tested in the pilot mine, except 
for determinations of cavability in the leached zone. 

The estimated duration of this phase is 49 months, using a total crew of 
114 people working two shifts per day, six days per week. Total production 
over this testing period is estimated to be 2,552,000 tons, Table 4.2. If 
all of the ore production from Phases III and IV were stored in the ore stockpile 
at the end of this period, approximately 39 acres will be covered. Water 
from the mine dewatering system willbe stored in the saline water storage 
impoundment for dilution.and discharge, and may. cover a maximum area of 
eight acres. Surface subsidence due to mining is expected to be minimal, cov- 
ering a maximum of approximately 100 acres. The maximum vertical subsidence 
is expected to be no greater than two feet and produce only very Slight 
surface strain effects. In addition, a large amount of the subsidence 
effects will be under the ore stockpile and therefore not be evident on the 
surface, 


4.1.5 Phase VA 

Phase VA is the abandonment phase of the proposed demonstration pilot mine 
and will consist of an eight month period of removal and sale of equipment, mine 
closure, and site restoration. No ore production will be accomplished dur- 
ing this period and dewatering operations will cease. The area will be re- 
turned, as nearly as possible, to its original condition, with the possible 
_exception of the water impoundments. If conditions warrant, these dams may 
be left for wildlife and livestock watering areas. 

A crew of 20 people will be needed to decommission the mine and perform — 


restoration tasks. No additional land will be affected by mining operations. 


4.1.6 Phase VB 

This phase covers an alternative action in the event that the government 
decides to lease the mine facility after completion of the Bureau of Mines 
research program. Such alternative action will be determined by the Depart- 
ment of the Interior. 
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Cad, Phase YC 

If additional research is necessary to determine the technical and 
economic feasibility of underground oi] shale mining, the facility life will 
be extended. Should this action take place, coordination wil] be made between 


the Bureau of Mines and Bureau of Land Management representatives. 


4.1.8 Standby Phase 

If operating funds for the facility were reduced, the Bureau of Mines may 
find it necessary to place the facility on standby status. If this occured, 
depending upon the phase of operation at the time of reduction of funds, only 
a small caretaking crew will remain. This crew will consist of no more than 
four personnel who will have the tasks of securing the surface facilities and 
inspecting the mine. Mine inspection and surface security will be performed 
seven days per week. Primary ventilation and dewatering pumps will continue 
to operate. 


4.2 MANPOWER REQUIREMENTS 
The manning requirements for Phases I through V will vary from four to 60 
people per shift. Figure 4.2 illustrates the manning requirements on a per 
shift and total payroll basis for the proposed project. All manpower requirements 
are estimates and may vary with contractor and the availability of skilled labor. 
During Phase I, a 10-man construction crew, 6-man per shift drilling crew, 
4-man geophysics crew and 4-man per shift shaft boring crew will be on the pro- 
posed site. These contract personnel will be hired from nearby areas if possible, 
and leave upon completion of their specific tasks. 
Phase II involves shaft sinking and surface plant construction. The 
duration of Phase II will be about 2.5 years and require approximately 20 men 
per shift. As in Phase I, the shaft crew will be subcontracted and person- 
nel should depart after the sinking is completed. 
Phase III will have a duration of approximately nine months and employ 
a labor force of 44 men per shift, working two shifts per day, six days per 
week. Personnel hired during Phase III will remain with the project for a 
period of about 5 years. 
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Phase IV is the actual mining testing phase. During this phase an 
additional 20 men per shift will be hired and remain on the job for the 
duration or about four years. 

Phase VA is the final phase of operations, as presently planned for 
the mine. The manpower requirements for Phase VA will require a crew of 
20 men for mine decommissioning. Alternate Phases VB and VC will be ac- 
complished using a skeleton crew of four men; their main task will be mine 
inspection and maintenance. 

Skilled personnel with mining, electrical, welding, concrete, plumbing, 
surveying, accounting, secretarial, construction, heavy equipment, mechanical, 
and engineering backgrounds will be needed to staff the Phase IV operations. 
Whenever possible people from the surrounding communities will be given the 
first opportunity to fill these positions. Skilled job training will be pro- 


vided depending on the availability of outside skilled personnel. 


4.3 MINE DEVELOPMENT AND CONSTRUCTION 

The following subsections describe the activities of surface construction, 
shaft sinking,and mine development and operation. The mine design plans 
are preliminary in nature and may be modified as more site specific 
data is gathered. Figure 4.3 shows the proposed layout of shafts, surface 
facilities, dams, and roads as presently planned. 


Ana Core Drilling Program 

A core drilling program will be conducted on the proposed mine site to 
determine mineral reserves, water horizons, fracture patterns, and mining zone 
thickness. The depth to water bearing horizons and water inflow quantity must 
be determined prior to shaft construction to ensure that adequate design and 
safety precautions will be taken. Evaluation of fracture orientation and 
“spacing will be necessary in the design of the underground excavations and 
estimation of subsidence potential. 011 shale zone thickness is generally 
known, and the data from the coreholes will be used to better select mining 
horizons, determine local dip, and supplement existing data. Physical testing 
of core will also be conducted to provide necessary engineering data for mine 
design. 
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The core drilling Jayout is based on the following assumptions: 


- The base of the mining horizon will be at a maximum depth of 2,400 
feet below the surface. 


The first four holes will be drilled vertically. 
__Water testing will be confined to one corehole at the main shaft location. 


- The average collar elevation of the first fate ashore “is approxi- 
mately 6,355 feet. 


The long axis of the mine will be oriented S 15° W 


The 8-foot diameter ventilation shaft will be located approximately 
T;,100:feet FEL “and 25100-feet.FSL, Section 30, TIS, R97W. 


The proposed lower mining level will cover an area on the surface approximately 
2,200 by 1,200 feet, the long dimension trending S$ 15° W. A total of about nine 
coreholes will be located above this mine level, however, only four are currently 
planned to be drilled, Figure 4.4. 

Minimum service roads wil] be constructed to the drill sites once necessary 
permits are obtained. Drilling pads, with a flat working area not exceeding one 
acre will be constructed with suitable mud and reserye pits. After a conductor 
is cemented in place, a 7.875-diameter hole will be drilled to bedrock and cased 
with 5.5-inch diameter pipe. A 2.5-inch diameter core will then be cut to an ap- 
proximate depth of 2,550 feet. Oriented core will be taken on approximately 250-foot 
intervals. When coring is completed, geophysical logs of the holes will be made. 
Casing and conductor are pulled out of the hole when tests are completed. Two 
drilling pads will be lecated partly on the surface facilities site, and will not 
require immediate revegetation. The two remaining drill pads will be revegetated. 

A list of the proposed holes and tests to be performed is given below. Core- 
holes M-O and M-4 will be drilled on the proposed shaft locations. 

Corehole M-0: 2.5-inch core, geophysical logging. 


Corehole M-4: 2.5-inch core, geophysical logging, water tests, hole 
plugged with cement upon completion of tests. ey 


MONT FA LAA D IL IEP RTA IR 


Corehole H-7:  2.5-inch core, geophysical logging, hole plugged gle 


cement upon completion of tests. — 
Corehole S-7: 2.5-inch core, geophysical logging, hole plugged ml 
cement upon completion of tests. ieee 
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After the first three coreholes are drilled, a determination of the exact 
strike and dip of the mining horizon will be made. -If necessary, the mine 
layout will be rotated, such that the long axis of the mine is up dip. In 
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the event that this rotation exceeds expectations, it may be necessary to 
re-drill corehole M-4. 

From core data, a fracture pattern net will be constructed and extrapolat- 
ed to cover the proposed mine site. An assessment of the effects of fracture 
patterns on the mining operation will then be made prior to sinking the main 
Shaft. Water data from corehole M-4 will also be analyzed prior to sinking 
the main shaft. 


vos Ip Geophysical Research Program 
Geophysical research will be conducted on, and in the vicinity of, the 
proposed tract by the PreMining Conditions Group, Denver Mining Research | 
- Center, Bureau of Mines, over a period of 20 months. Disturbance to surface 
vegetation will be kept to a minimum. 
Part of the seismic coverage will use existing roads and trails. 
_ Vehicular off-road travel will occur between Horse Draw and Fault Draw 
(maximum of two lines) and in the surrounding or expanded test site area. 
Where necessary, in these areas four-wheel drive vehicles will be used for 
cross-country access. No roads will be bladed. Where possible, existing 
roads and trails will be used. 
Line miles to be covered will include 10 miles of seismic and 25 miles 
for all other types. None of the other types of geophysical techniques require 
off-road vehicular travel. The systems will be man-carried and require only 
reasonably close vehicular support. Temporary survey stakes will be put in 
for location purposes at 50 or 100-foot intervals. Each line will be approximately 
2,000 feet long. . | 
Methods of geophysics to be used will include: 


High resolution seismic 

. Shear wave seismic 

- Resistivity 

. Audio magneto tellurics (AMT) 

. Natural tellurics 

. Magnetics 

. Borehole surveys (tentative) 
Other 
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Planned timing for the geophysical work will be approximately: 


- April 15-30, 1976 - resisitivity, seismic (under existing letter 
agreement 


July/August, 1976 - resistivity, seismic 
September, 1976 - seismic . 
- May/June, 1977 - AMT, resistivity, seismic, and other 


fe3e3 Mine Site Construction 

The proposed site for the mine shafts and surface facilities is shown 
in Figure 4.3 and will cover approximately 10 acres. A balanced cut and 
fill method will be used in Site preparation to minimize surface disturbance. 
_ The proposed site will be located on a relatively flat ridge between adjacent 
natural drainage systems, and graded and ditched to provide drainage into 
a water catchment dam below the temporary. ore stockpile. Rip-rap along 
drainage ditch bottoms will be used wherever grades are excessive. 

Placement of the site on the ridge is desirable because the depth to 
bedrock is much 1ass than in the adjacent valleys. Major structures. such 
as the hoisthouse and headframe, will have maximum stability with lower 
construction cost. Mine surface facilities will include an office/changehouse, 
maintenance shop, fuel storage, electric power substation, hoisthouse/ 
_compressor house, headframe, ore bin, security hut, storage yard, and park- 
ing lot. The general location and scale of the facilities are shown in 
Figure 4.5, Detailed engineering during the first part of Phase I will 
determine the exact type and location of facilities. The explosives and cap 
magazines will be located approximately 1,000 feet to the west of the mine - 
Site. The bunkers and mine plant site will be surrounded by deer and livesteck 
proof secured chain link fences. | 

Rock excavated from the shaft will be used for filling where needed, 
and in the final construction of the water dams. Prior to the start of 
excavation, the area will be cleared, grubbed, and stripped of topsoil. 
Topsoil will be stockpiled, or used where needed for revegetation purposes. 
The area will then be rough graded, ripped, and excess material used as 
fill or in dam construction as necessary. As fill material is placed it 
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Surface Facilities Layout 
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will be compacted to maximum density to meet building foundation require- 
ments. Fine grading and replacement of topsoil will be done last when possible, 


to make the area look pleasing and reduce wind erosion. 


4.3.4 Shaft Sinking 

After initial site preparation, work will begin on the sinking of two 
vertical shafts. -Initial designs are for a 20-foot inside diameter service 
and production shaft, and an 8-foot inside diameter ventilation shaft, 
These shafts will be located on a ridge in the lower, central portion of 
Horse Draw as shown on Figure 4.3. Facilities used during shaft sinking 
will be temporary office and changehouse, explosives magazines, saline water 
impoundment, concrete batch plant, aggregate storage pile, headframe, hoist- 
house, and temporary air compressor. During shaft sinking, other facilities 
such as power substation, compressorhouse, fuel storage, ore stockpile and 
catchment dam, ore bin, permanent office and changehouse, fencing, parking 


lot, and security hut will be constructed. 


4.3.4.1 Design 

The 20-foot diameter shaft will be concrete lined, and used for service, 
production, and intake ventilation. Maximum production capacity wil] be 
7,500 tpd; however, the mine will average about 2,100 tpd of ore during Phase 
IV. The total depth of the shaft will be approximately 2,400 feet with the 
lower 50 feet used as a sump, Figure 4.6. Two shaft stations are planned 
at levels to be determined after additional core data are evaluated. 

The ventilation shaft will be located approximately 400 feet from the 
production shaft and used entirely for exhaust ventilation. A fan house 
will be located at the shaft collar, and at maximum ventilation requirements 
exhaust about 200,000 cfm. The location of the ventilation shaft with re- 
spect to the mine layout will permit a flexible mining operation. This shaft 
will be bored to a depth of 2,360 feet, allowing for a 50-foot sump. The 
two shafts will be connected by a drift on the lower level, having an 
upward grade of 1/2 percent towards the ventilation shaft. Sump pumps 
will be located in both shafts and pump water to a central pumping station 
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Figure 4.6 Cross Section of Proposed Mine Shafts 
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in the connecting drift. A total emergency reserve pumping capacity of 
10,000 gpm will be installed; however the mine at this point is expected to 
be reasonably dry. | 

The production and service shaft will be designed with a hoist to 
operate two balanced 13.5-ton skips and a separate service cage, Figure 4.7. 
Skip pockets on the two mining levels will contain surge bins and measuring 
packets to facilitate hoisting, Figure 4.8. Ore will be crushed prior to hoist- 


ing by feeder breakers located in the mining area. 


453.42 ~ Construciion 

Both shafts will be sunk by contractors. A combination of two sinking 
methods are anticipated in sinking the 20-foot diameter shaft. Because of 
the large amount of water expected in the leached zone, freezing of the 
upper 1,400 feet may be necessary. In this system, a series of holes are 
drilled and cased around the perimeter of the shaft and a refrigerant - 
circulated to freeze any water located in the center. Sinking then proceeds 

‘through the frozen zone with little or no water inflow. Highly fractured 
areas are grouted and lined with steel liners. The remainder of the shaft 
is sunk conventionally using either a benching or full face method, depend- 
ing upon water inflow quantities. Conventional explosives and mucking > 
techniques will be used during the construction of the entire shaft. 

The 8-foot diameter shaft will initially be used to obtain a bulk 
sample of dawsonite for the Bureau of Mines Alumina Program. Work on this 
shaft will start before sinking of the 20-foot diameter shaft begins. 

Figure 4.9 shows a typical cross section of a large diameter vertical drill 

that will be used to bore the shaft. The proposed surface layout for sink- 

ing operations is shown in Figure 4.10, and will temporarily use about 15 

acres. As the shaft is bored to an outside diameter of 10 feet, it will 

be cased with 8-foot inside diameter steel liners to 50 feet below the Tower min- 
ing level. ‘The boring machine will then be removed and shaft guides installed 
in preparation for mining the bulk sample. A temporary headframe and hoist 

will then be erected and a man cage and work deck installed on the hoist 
cable in the shaft. A small window will be cut in the steel liner. at the 
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Figure 4.7 Plan View, Typical 20-Foot Inside Diameter Shaft 
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Figure 4.8 
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Figure 4.9 Typical Large Diameter Shaft Beane ie 
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Figure 4.10 Proposed Surface Layout of Shaft Boring Equipment 
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desired level, determined after more detailed data analysis from core 
drilling, and a small station excavated. The bulk sample will then be 
mined from this level by driving a short drift the required distance, 
Figure 4.11. When a sufficiently large sample has been obtained, the tem- 
‘porary headframe and hoist will be removed and the shaft used as the pro- 
posed mine ventilation shaft and emergency escapeway. 

Approximately 20,000 cubic yards of waste and 30,000 cubic yards of 
ore grade rock will be excavated during sinking of the 20-foot diameter 
shaft. An estimated 9,000 cubic yards of cuttings will be excavated during 
the boring of the ventilation shaft. All shaft excavation material will be 
stored in the ore stockpile adjacent to the mine, Figure 4.3. Excavation 
times for the 20-foot and 8-foot diameter shafts are estimated to be 30 and 


10 months, respectively. 


43.5 Dewatering 
Once sinking of the two mine shafts is completed, a drift will be 

driven between the shafts. A sump station will be excavated in this drift 
for six water pumps having a total emergency pumping capacity of 10,000 Vv 
gpm. These pumps will lift the water to the upper level sump where six 
additional pumps complete the lift to the surface. Adequate pump capacity 
is designed for standby and unexpected water inflows. The mine layout 
will be such that the sump on the lower mining level is the lowest point, 
except for the shaft sumps. Actual water infiow during mining is expected 
to be approximately 50 to 500 gpm. | 

_ After the water is pumped to the surface it will be piped to the saline 
water impoundment located adjacent to the ore stockpile, Figure 4.3.. Water 
will be discharged into the Horse Draw drainage only after testing and wit 
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be diluted with fresh water, as required, ed, to meet water quality standards. 


Dilution water will be obtained from three, 600 gpm wells located above the 


dam. 


A3.6 Water Treatment 


Information. from test wells indicates that water in the bedrock aquifers. 


is of fair quality above the saline zone, Figure 3.9.. Water in fractures 
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and void spaces near the saline zone contains high dissolved salts concen- 
trations. This water will require treatment before disposal. The water 
treatment system will be integrated into the overall water supply system. 

Three water wells will be drilled into the upper aquifer, Figure 4.3 
One will be used for domestic and surface plant needs. Water from this well 
will be stored in a 20,000 gallon storage tank located approximately 120 feet 
above the mine plant to provide adequate water pressure for domestic facilities 
and fire protection. | } 

Water from two wells above the saline water impoundment will be used 
to dilute saline mine water to acceptable limits for disposal. Saline 
water will be diluted in a mixing area at the water storage impoundment. 
After dilution, the water can be either discharged into the surface water system 
or used in plant or mine activities, such as dust control, drill water,or mine 
backfill 


4.3.7 Surface Facilities 


Sotto. Cre SLockpr ic ; Sas ed 

During Phase I, a catchment dam will _be constructed in the draw adjacent 
to the shaft site (Figure 4.3) to catch ae “store any” water running down the 
draw and through the ore stockpile. This water will be tested and, depend- 
ing on its quality, either released into Horse Draw, or pumped to the saline 
water storage impoundment for dilution to dischargeable quality. Figure 4.12 
is typical cross section showing a conventional earthfill dam with an approx- 
imate height. of 30 feet. The dam will be built using Bureau of Reclamation 


standards for earth embankment construction and dam site investigations. 


<% Since the ore is potentially valuable and may be marketable, the stock- 
ane pile will be considered temporary and not be immediately covered and reveget- 


ated. However, topsoil will be stripped prior to dumping and stored adjacent 
to the stockpile for future revegetation use. 

Ore will be hauled up-grade from the mine shaft to the top of the pro- 
posed dump site and dumped into the draw. A bulidozer will be used to grade 
the stockpile and insure a downstream slope of no greater than V7 ace ie 
stockpile will be gradually extended down the draw until the toe is 
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approximately 100 feet from the catchment dam. The total capacity of the 
stockpile will be about 2,000,000 cubic yards and cover about 40 acres. 

The embankment will be constructed of excess material excavated from 
the dam sites, shaft sites, shaft sinking, and road construction. Addition- 
al material, if necessary will be borrowed from areas on site after the 
proper permits are obtained. 

Runoff from the mine site will be channeled into the catchment area 
and pumped to the saline water impoundment, if necessary. Waste water from 
changehouse facilities will flow into the catchment dam. Biodegradable soap 
and shampoo will be provided in the showers. 


4.3.7.2 Saline Water Impoundment 

During Phase I a saline water storage dam will be constructed in the 
draw east and adjacent to the ore stockpile area, Figure 4.3. Earthfill with 
clay-core construction similar to the ore stockpile dam is proposed, with a 
maximum estimated height of 50 feet. All surface runoff from the mine site, 
saline water from the ore stockpile catchment dam, and unaerground mine 
drainage will be stored in this impoundment. Maximum storage capacity will 
be approximately 80 acre-feet, covering an area not greater than about eiaht 
acres. Dam design and construction will conform to Bureau of Reclamation 
standards and be approved by the Colorado Division of Water Resources. 

The dam site will be cleared, grubbed and stripped prior to construction 
and, if necessary, the foundation grouted to reduce seepage and uplift pres- 
sures. All top soil will. be removed from the entire impoundment area and 
used to revegetate the downstream face and any borrow areas. The embankment 
will be constructed of excess material from the dam site, road cuts and 
shaft site. Once proper permits are obtained, necessary additional material 
will be obtained from on-site borrow pits. 

Saline water in the impoundment will be tested and if found to be of 
good quality, released into Horse Draw. Rates of release will be controlled 
so that possible erosion will be kept to a minimum. If the water quality 
is unacceptable for release the water will be diluted to allowable standards 
by potable water from two wells located above the embankment. 


The dam will be monitored during and after construction to ensure that 
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design and safety criteria are satisfied. Instrumentation systems will be 
installed to measure movements and earth pressures in the dam and its found- 


dation. : 2 ) 
org q DN uae yt , 


4.3.7.3 Potable Water Wells (*™ 

Three potable water wells for use in the mine plant, underground mine, 
and dilution of saline water will be drilled above the mine site, Figure 4.3. 
The wells will be approximately 12 to 16 inches in diameter and drilled to 
the base of the "A" Groove. Initially the well located near the water 
storage tank will be pumped continuously. Maximum pumping. rates are ex- 
pected to be no greater than 600 gpm. A turbine-type pump with a 130 to 
150-hp motor will be used on each wall. 

The two wells located above the saline water storage impoundment will 
be used primarily for dilution of any poor quality water pumped from the 
mine or catchment dam. Fresh water will be pumped from the wells into a 
mixing basin below the dam, where it is mixed with saline water coming 
from the dam Wells will be operated only as needed to reduce water usaqe. 
Pipe from the wells to mixing area wiil be buried. 

Any water needed for spent shale backfill] will most likely come from 
the saline water impoundment except when make-up water is needed. In 
addition, saline water may also be used for dust suppression if the amount 
of dissolved solids is low. 


4.3.7.4 Power 

The shaft sinking and development phases of the pilot mine facility 
will be operated with temporary electric power supplied by two 700-kw 
generators. During Phases I and II a permanent 5 to 10,000-kva power 
substation will be installed by White River Electric to supply the neces- 
sary 200,000 kw/day required to operate the mine during Phase IV. The 
substation will be surrounded by a locked, deer and livestock-proof fence, 
built to keep out unauthorized personnel. Estimated surface equipment power 
requirements are shown in Table 4.3. 

The power corridor will parallel the mine access road, Figure 4.3, and 
bring power to a site substation. H-Frame, two-pole power poles, as shown 


in Figure 4.13, provide raptor protection and will. be used exclusively for 
4-29 
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Table 4.3 Surface Power Requirements 


a. Operating | 

Item SY peel aaa OY Neca Nek 
Production Hoist 2 1,000 (746) 10 14,900 
Service Hoist 1 600 450 10 4 500 
Primary Fan ] 430 320 24 7,600 
Changehouse/Office ] -- 200 10 2,000 
Machine Shop he ~~ 100 10 1,006 
Miscellaneous 1 me 500). 10 5000 
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the power line. 

In the event of power failure two, 700-kw diesel generators with sensing 
panels will automatically come on line with emergency power for pumps, fans 
service hoist, and the changehouse and office. These generators will auto- 
matically shut off when power is restored. 


4.3.7.5 Explosives and Cap Magazines 

Explosives and blasting caps will be stored in separate concrete block 
bunkers, located about 1,000 feet west of the surface plant, Fidure 4.3... The 
large distance between the surface plant and magazines will reduce the pos- 
sibility of damage in the event of an accidental explosion. To further limit 
explosion damage, each magazine will be constructed on a concrete pad located 
below ground level. 

For security, each bunker will have a heavy duty locked security door. 
In addition the bunker complex will be surrounded by a deer and livestock- 
proof fence. 


4.3.7.6 Roads 

A two lane gravel road approximately 30 feet wide, will connect the main 
plant area with the Piceance Creek road, Figure 4.3. In selecting the exact 
road location, environmental as well as economic and safety factors will be 
considered. To reduce environmental impacts and the amount of cutting and 
filling required, the road will be constructed along the Horse Draw drainage. 
The road will be approximately two miles long and contain five culverts over 
the Horse Draw drainage network. Design of the road will comply with the 

American Association of State Highway Officials (AASHG) standards and con- 

structed with necessary road shoulders, drainage ditches and culverts, 
Figures 4.14 and 4.15. Since this road is the only access to the mine plant 
area, it will be kept passable at all times by grading and watering daily, 
or as needed. | 

A second road from the surface plant to the ore stockpile will be con- 
structed as a Single lane road, designed according to AASHO standards. The 
road, used for off-highway trucks, will be equipped with safety berms and run- 
outs on downgrades. Turnouts will be provided as needed for truck passing. 


This road will be watered to minimize dust generation. 
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Figure 4.15 Typical Culvert Installations 
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4.3.7.7 Surface Drainage 

Surface drainage from the site will be directed by culverts into the 
water catchment dam located below the ore stockpile. In addition, the site 
will be graded towards the catchment area. Drainage channels will be con- 
structed around facilities, such as the water storage tank and powder and 
cap magazines, to reduce possible erosion. 

Drainage from roads will be channeled by ditches and culverts into the 
natural drainage patterns. Ditches on excessive grades will be rip-rapped 
to prevent gullying. . Roads will be continuously maintained to prevent 
gullying along road centers and tire ruts. 

Stations will be maintained in the lower Horse Draw drainage, near _ 
Piceance Creek road, to monitor water Flow, diss solved solids and contamin-~ 


uate 
ENA NF ik ORC MANO MAIB I LT ASAD PINE 


Se oe 
ants. If contaminants are found, source investigations will be made and 


corrective action taken. Excessive gullying caused by increased water flow 
will be corrected by filling with coarse rock, where possible. 


4.3.7.8 Fuel Storage 

Estimated fuel and oi] requirements for ali phases of the pilot mine 
operation are listed in Table 4.4. Diesel fue? and gasoline will be supplied 
by tanker truck from the nearest market point on an as-needed basis. Each 
week an estimated 9,000 gallons of diese] fuel will be required for the de- 
signed production capacity. During Phase I, and a portion of Phase II, the 
fuels will be stored in temporary skid-mounted tanks until permanent storage 
is constructed. 

The permanent fuels storage area, Figure 4.16, will hold a 20-day 
supply of diesel fuel and gasoline. Diesel fuel will be stored in two 
18,000 gallon tanks. Each tank will be surrounded by an impermeable berm, 
equal in volume to 1.5 times the tank capacity. The two tanks will be 
separated to allow easy access for fire fighting equipment. In addition, 
each tank will be painted an appropriate color to blend into the surrounding 
landscape. A one month supply of gasoline will be stored in a 1,900 gallon 
tank near the repair shop. 

‘The fuel storage facilities will be designed and constructed according 
to the National Fire Protection Association standards. 
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Table 4.4. Fuel and Oi1 Requirements 


Product 
Diesel Fuel 
Gasoline 
Motor Oi] 


Hydraulic Fluid 


Phase I 


66,700 


7,000 


140,400 
23,400 
3,280 
3,280 


170,000 1,816,020 


6,000 
3,540 
3,940 


33,150 
37,000 
37,000 
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Figure 4.16 Typical Fuel Storage Tank 


[rs 
ye, 


2 are Ty, ald tee 


, 


mepeeaions fF wags 


iting oman ener ‘ A . 


Be ue elke Gwe atin - 
' : 


4.3.7.9 Surface Communications 

Radio telephones will be used for off-site communications. This system 
will allow for two-way communication, with switching accomplished through a 
Grand Junction operator. The radio-telephone method of communication does 
not require the installation of telephone lines, thereby reducing environment- 
al disturbances. | 


4.3.7.10 Ancillary Facilities Selid geste § 

Support facilities for the mine will consist of the office/changehouse, 
hoisthouse/compressor house, supply yard, headframe and Storage bin, ware- 
house/repair shop, fan house; and security hut. These facilities will be 
designed as permanent structures except parking lot and supply yard. Both 
the parking let and supply yard will be graded to allow for adequate drain- 
age and dust retardants will be used when necessary. 

Sanitary facilities will be provided by composting toilets in the ware- 
house/repair shop and office/changehouse. The final products of the toilets 
are small quantities of fertilizer grade mineral waste. Biodearadable soaps 
will be provided and waste water from shower facilities will flow to the ore 
stockpile catchment dam. 

The hoisthouse will contain the two.hoist motors mounted on vibration 
resistant concrete pads that are decoupled from the remaining hoisthouse 
pad. The attachea air compressor room will be sound proofed as much as 
possible to reduce outside noise levels. A decoupled concrete pad will also 
be used to mount the air compressor. 

- The headframe will be approximately 180 feet high and mounted on concrete 
footers. Visual impact will be reduced by painting the metal structural nem- 
bers a suitable color. A security fence will be constructed around the shaft 
opening for personnel, wildlife, and livestock protection. 

“The exhaust shaft fan house will be located over the 8-foot diameter 
shaft with a chain link fence completely enclosing the facility. Drive 
motors for the fan will be placed on decoupled concrete pads. An emergency 
backup diesel motor will be included in case of electric power interruption. 

A small security hut will be provided to limit plant site access to 
authorized personnel. The hut will be located at the entrance gate on the 
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east side of the site. A security guard will be provided on a 24-hour 
basis. | 


4.3.7.1] Surface Equipment 

Surface mobile equipment will be used mainly to stockpile mined rock 
and maintain roads and facilities. Estimated equipment requirements are 
listed in Table 4.5. Detailed design and engineering will provide the exact 
types and amounts of equipment needed, but should not vary appreciably from 
the original estimate. Stationary equipment will provide compressed air, 
ventilation, hoisting capability, and power to the mine. 

Diesel-electric rear dump trucks with a 50-ton load capacity will haul 
mine-run rock to the ore stockpile. A motor grader will. be used to main- 
tain roads, ditches, and drainages. A 5,000 gallon capacity water truck 
will be used to water dirt and gravel roads to maintain air quality stand- 
ards. A large bulldozer will be used for site construction, road construct- 
ion, and maintenance of ore stockpile slopes. 

Other mobile equipment will include a lubrication and fuel truck, pick- 
up trucks, forklift, and an ambulance. 


4.4 MINE DESIGN AND OPERATION 

The mine design and operation presented in this section is preliminary 
and may be modified during the engineering part of Phases I and II. Equip- 
ment selection and manpower estimates are considered conservative and should 
take into account any later modifications. 


4.4.1 Gealogic and Engineering Data 

Geologic and assay data from exploratory holes drilled on or near the 
site have given a reasonable idea of the geologic conditions in the proposed 
mine site. Because the primary purpose of the mine will be to determine 
the technical and economic feasibility of mining deep, thick oi] shale, 
the first rich zone of oi] shale was not chosen as a mining horizon. Figure 
4.17 is a representative cross section through coreholes near the proposed 
site. The two mining levels are located in the base of the leached zone and 
in the R-3 zone. Overburden depth is approximately 1,100 feet to the top 
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Table 4.5 Surface Equipment List 


Item 

Bulldozer 

Water Truck 
Diesel-electric Dump Truck 
Forklift 

Lubrication and Fuel Truck 
Pickup Truck 

Road Grader 

Ambulance 

Air Compressor 

Primary Ventilation Fan 
Service Hoist 

Production Hoist 

Diesel Generators 


Pumps 


DESCrIpE Ol. 5. = 


300 hp 

5,000 gal. capacity 
50 ton capacity 

1 ton capacity 
Zacon 

3/4 ton capacity 
130 hp 

2 Passenger Car 


2,000 cfm capacity 


200,000 cfm capacity 


600 hp (450 kw) 
1,000 hp (746 kw) 
700 kw 

112 kw 
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Figure 4.17 Geologic Cross Section Through Proposed Mine Site 
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Exact selection of mining levels will be made after extensive geotech- ~ 
nical data has been gathered. Factors affecting the level location are 
fracture attitudes and densities, compressive and tensile strength of the oi] 


shale, elastic and inelastic rock properties, and stability parameters. 


4.4.2 Hydrologic Data 

The groundwater system that will affect the proposed pilot mine consists 
of the Upper and Lower aquifers of the Parachute Creek Member. An aquifer 
pumping test in preliminary corehole USBM 02A, located near the proposed 
shaft sites, obtained an estimated transmissivity of 300 pEfytlay in the. | 
leached zone. No water inflow was obtained in the oil shales below the a 
leached zone. A transmissivity of approximately 2,500 ft*/day was obtain- 
ed in the Upper aquifer. The Mahogany zone between the two aquifers. may act 
~@S an aquatard and has an unknown transmissivity due to vertical jointing. 

Expected water inflow in the lower level of the mine will probably 
come primarily from the shafts during initial development periods. How- 
ever, aS areas are excavated and vertical jointing due to subsidence 
effects extend through the aquifers, more water inflow is expected. 

Because the inflow quantity cannot be adequately estimated, an emergency 
capacity of 10,000 gpm will be approximated for pumping capacity. Addition- 
al water testing performed during Phase I will provide necessary data for 
sump and pump size determinations. Current inflow estimates are from 50 

to 500 gpm. 

Testing of the caving system on the upper mining level will probably 
produce the major portion of water inflow into the mine. A sump station 
located on this level will be used to collect the water and pump it to the 
surface. These pumps will have a maximum capacity of 10,000 gpm, however, 
they must also handle water from the lower mining level. 

Water quality determination from preliminary core ole USBM O2A indicate 
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relatively clean water with a dissolved solids content | of about: ih ,100 mg/1. 
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This water could be disposed on the surface with no dilution to meet stream 
requirements. However, over a period of time it is estimated that the dis- 


solved solids content will increase and dilution may be necessary. 


4.4.3 Mine Development 
Underground mine development will start after the shafts have been 
sunk and the surface facilities completed. Figure 4.18 shows the initial 
development phase of the pilot mine with a design based on gassy conditions. 
Development will begin by driving three entries, approximately 12 by 15 feet, 
a distance of about 1,100 feet through the shaft pillar. The two outside 
entries will be used for intake air, manways and re-supply, with the middle 
entry containing the isolated conveyor belt entry. Two other entries, also 
12 by 15 feet, will be driven from the 8-foot diameter exhaust shaft a 
distance of about 1,900 feet. These two entries will be used for the re- 
turn air and are located about 450 feet. from the intake air entries. 
During the period of mine development, lasting an estimated 200 work 

days, the following projects will be completed: 

A pumping station capable of handling 10,000 gpm of mine water 

will be built. rhe 

A high voltage power substation room will be constructed near the 

20-foot diameter shaft station.. 

A maintenance shop and supply room will be excavated and constructed 

in the shaft pillar. This shop will be equipped to handle major 

maintenance problems that might arise. A room for storage of supplies 

and machine parts is included. | 

Firing devices and explosive magazines will be built in the return 

air entry. The firing devices (electric or fuse caps) and explosives 

will be kept separate and located in an area free. of hazardous condi- 

tions. 

A 36-inch conveyor belt drive will be installed near the 20-foot 

diameter shaft. The conveyor belt will be floor mounted and fire 

resistant. 
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Figure 4.18 Plan View of Proposed Mine Development on Lower Mining Level 
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4.4.4 Mining Systems Testing | 

During the mine testing phase, four mining systems will be studied. 
Three mining methods will be tested on the lower mining level. They are, 
chamber and pillar mining with spent Shale backfill, sublevel stoping with 
spent. shale backfil?t, and sublevel stoping with full subsidence, Figure 4.19. 
Block caving studies will be carried out on the upper level. 

During Phase III, two chamber crosscuts on the lower mining level, will 
be driven through to the return air entries, Figure 4.20. Phase IV will 
begin by simultaneously fan drilling both chamber crosscuts. Fan rounds 
are spaced on about 10-foot centers with each round loaded with ANFO and 
blasted into the chamber crosscut. . The broken muck will be removed by four, 
5-yd> LHD machines, two per chamber. The final dimensions of the mined out 
chamber will be no greater than 60 feet high, 100 feet wide and 220 feet long. 
The LHD's will dump the muck into feeder breakers located in the break- 
throughs at the intake end of the chamber crosscuts. Feeder breakers will 
reduce the muck from up to 2 x 3 x 5-foot pieces to less. than 8-inch size. 
The rock will then be dumped onto a 36-inch conveyor belt located in the 
middle entry of the triple entry system. The belt will transport the muck 
to the ore pocket located below the shaft station, where it is stored until 
it can be hoisted to the surface. 

In conjunction with mining the two chambers the following activities 
will be taking place: 


The third chamber crosscut will be holed through to thé return air 
entry and fan drilling of the chamber will begin. 


The haulage level for sublevel stoping with spent shale backfill 
will be completed and concrete strengthening of the drawpoints 
started. . 


Ramps will be completed up to the sublevel and backfilling levels. 

. The third chamber will be mined out. 

After the above tasks are completed, mining of sublevel stoping with 
spent shale backfill will begin. A raise will be bored down from the sublevel 
to the haulage level to provide a free face for fan round blasting. Fan 
rounds will be drilled from the sublevel in a vertical circle, approximately 
on 10-foot centers. Each round will be loaded with explosive and sequentially 
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Figure 4.19 Isometric View of Proposed Lower Mining Level 
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Figure 4.20 Plan View of Mined Lower Level 
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blasted into the stope below. LHD machines will remove the muck from the 
concrete drawpoints at the bottom of the stope. Mining one sublevel stope 

will take approximately 100 work days, assuming a six day work week and two shifts 
per day. Crushing and conveying systems employed in sublevel stoping will be 
identical to that used in chamber and pillar mining. Final stope dimensions 

will be no greater than 280 feet high, 120 feet wide and 320 feet long. 

Two other sublevel stopes will be developed as the first sublevel stope 
(for spent shale backfill testing) is mined. The development and mining 
sequence for the sublevel stopes with full subsidence will be the same as 
that employed in sublevel stoping with spent shale backfill. The final stope 
dimensions will be no greater than approximately 280 feet high, 80 feet wide, 
_and 320 feet long. ie 

After mining of the first sublevel stope is completed, backfilling will 
begin. Mining and backfilling of one stope will take approximately 300 days. 
During this period, the two sublevel stopes used for full subsidence testing 
will be approximately 70 percent completed. 

The block caving test level will be developed during the backfilling 
operations on the lower mining level. A maximum 400-foot square area will be 
excavated using a room and pillar mining system (about 75% extraction ratio), 
Figure 4.21. Cavability parameters and maximum span width will be determined 
by sequentially blasting pillars until caving starts. 

During the evaluation of cavability on the upper mining level, the lower 
mining level will be completed. Sublevel stoping with full subsidence will 
be completed first, while the pillar adjacent to the backfilled sublevel 
stope is monitored. If the instrumentation indicates no danger in mining 
the adjacent stope, then mining will proceed and the stope backfilled. 

Mining and backfilling will require approximately 300 days. The stope 
pillar, roof, and fill will then be monitored for response to stress 
changes. 


The duration of all programs should require no more than five years. 


4.4.5 Subsidence Damage Potential 
Two of the mining systems being tested, sublevel stoping with full 
subsidence and block caving, require the surface to subside to prevent 
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Plan View of Proposed Block Caving Level 
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excessive rock pressures. t is, therefore, necessary to estimate 


the potential vertical subsidence and horizontal strain magnitude 

on the surface as a result of mining. Once subsidence limits and magnitudes 
are estimated the placement of surface constructions can be safely made. 
Prior to the final selection of the plant site, a reasonable idea of the 
mine layout will have to be made from additional corehole data. 

Figure 4.22 shows the mine layout with respect to the surface facilities. 
Plotted on the map are circles that represent the limits of maximum horizontal 
strains. The maximum horizontal tensile strain over the sublevel stoping 
method is conservatively estimated to be about 350 micro-inches ber iitcns 
The maximum horizontal tensile strain over the block caving test panel is 
estimated to be 170-micro inches per inch. Maximum horizontal compressive 
Strains are greatest directly over the excavations and reduce to zero as 
shown by the inside circles. The maximum horizontal tensile strains 
produced by either method are estimated to produce very slight or negligible 
‘damage to Surface structures. 

The maximum vertical subsidence over the sublevel Stoping and caving 
test panel is conservatively estimated to be 1.3 and 0.7 feet, respectively, 
Figures 4.23 and 4.24. These estimates are based on emperical data avail- 
able on subsidence in sedimentary shales and sandstones. The more plastic 
behavior of the kerogenaceous marlstones may reduce subsidence significantly. 

In an effort to reduce Subsidence damage to the surface area, the ore 
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surface cracks are not expected to develop in the bedrock, no pollution of 
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4.4.6 Mine Ventilation 
A primary ary assumption used. in the layout of. the pilot mine—faci+ity—has 


ne 


been to consider designs based on gassy min: mining conditions. Stipulations 
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used in the current design are: 

A working areas must exhaust into an isolated return airway. 

- No air can be reused. 

- Ore haulage by conveyor systems must be in neutral air entries. 

- At least 75-cfm and 100-cfm ventilation will be required for each 
brake horsepower and man, respectively. 

- Except during initial deve lopme nt, break-threughs will. be made 
every 100 Feet in intake air entries. 
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Figure 4.23 Vertical Section Through Proposed Mine Looking N75°W 
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Figure 4,24 Yertical Section Through Proposed Mine Looking NI5°E 
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The proposed ventilation network is shown in Figure 4.25 and illustrates 
a triple entry system. A total estimated flow rate of 200,000 cfm has been 
calculated, based on total equipment horsepower and men working under- 
ground during each shift. An axial vane fan will be located at the top 
of the 8-foot inside diameter shaft and suck air at pressures up to 10-inches of 
water gage. | 

Ventilation of large working areas or stopes has not been investigated 
to date and stope ventilation problems are expected. Methods of adequately 
ventilating large openings will be a primary research project. Mine super- 
visors will be required to carry portable gas detectors to monitor possible 

gas buildups. 


4.4.7 Unit Operations 
Mining will proceed by following the unit operations of drilling, 
charging the drilled face, blasting, wetting the blasted rock pile, load- 
ing, crushing, hauling, scaling,and roof bolting. All phases of the unit 
operations will occur simultaneously in different portions of the mine; 
however, blasting will be done only at lunch periods or shift change. 
Short descriptions of the elements envolved in each operation are 
described in the following subsections. 


4.4.7.1 Drilling 

The first step in the mining cycle will be the drilling of holes for place- 
ment of explosives. Two-boom electric fan drills, and two-boom pneumatic 
dril] jumbos with roof bolters will be used for all drilling throughout 
‘the mine. Water and wetting agents will be used to flush cuttings from the 
holes and to aid in suppressing dust generated during drilling. The pneu- 
matic drill jumbos will be equipped with sound proof cabs to insulate drill- 
ers from high noise levels. 

Two types of drill rounds will be used in the development and produc- 
tion phases of the mine. Two-boom face jumbos will be used for development 
headings and two-boom electric fan drills used for fan rounds. Typical 


drilling patterns are shown in Figure 4.26. 
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Figure 4.26 Typical Drilling Patterns | 
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Roof bolting is an integral part of the development drilling. Prior 
to advancing in a recently mucked round, the back or roof will be drilled 
and 6 to 8-foot rock bolts placed. . The rock bolts are a safety measure 
which increase roof stability and reduce injuries due to rock falls. Roof 
bolts will be either mechanical, resin or pumpable, with the holes drilled 


by a separate roof bolter or a bolter on the face jumbo. 


4.4.7.2 Charging and Blasting 

Fan and face drill holes will be charged with ammonium nitrate-fuel 
oil (ANFO). ANFO will be pneumatically loaded into the holes using a 
compressor equiped ANFO powder truck: Priming will be done using electric 
caps and stick dynamite. 

Explosion products of ANFO are carbon monoxide and nitrogen oxides 
which must be removed from working areas before miners can return. There- 
fore, blasting will be done off shift or at lunch time to allow adequate. 

ime for dust and gas removal. The ventilation network is presently 
designed to remove dust and gases directly into the exhaust entry where 
it is not reused. Water sprays will be used during all blasts to reduce 
dust levels and the amount of dust.exhausted to the surface. 


4.4.7.3 Mucking’ . 

All mucking, whether in development rounds or stopes, will be done 
using 5-yd° LHD's. Prior to and during mucking operations, muck piles 
will be wetted with water or other wetting agents to reduce dust gener- 
ation. Dust that is generated in mucking cycles will be immediately removed 
into the return air network and not reused. This ventilation system 
should greatly reduce health hazards due to dust inhalation. 


4.4.7.9. —. Crusnina. 

LHD machines will dump broken rock into feeder breakers. Rock frag- 
ments as large as 2 by 3 by 5 feet will be crushed to less than 8-inch 
size. Areas around the feeder breakers will be provided with water fog 
sprays to reduce dust generation. In addition, feeder breakers will be 
located in the neutral split of the triple entry and any dust generated will 
be in the exhaust ventilation network. | 
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4.4.7.5 Hauling 

Broken rock from the feeder breakers will be dumped onto a 36-inch belt 
conveyor, providing the main haulage system for the mine. The conveyor belt 
will occupy the middle entry in the.triple entry system used on the lower mining 
level. The conveyor belt will transport the muck to the shaft pocket where 
it will be stored until it is hoisted to the surface. On the upper mining level, 
feeder breakers will empty directly into the shaft pocket. 


4.4.7.6 Hoisting 

Muck is temporarily stored in the shaft pocket located just below each 
mining level. Each shaft pocket will have measuring pockets that automat- 
ically fill 13.5-ton ore skips. Production hoisting will be done using a 
balanced system dumping into a storage bin in the headframe on the 
surface. 

The hoisting system will be designed for a maximum capacity of 7,500 
tpd. For the proposed mining systems a hoisting rate of 2,100 tpd will be 
required to meet the development and mining schedules. 


4.4.8 Mine Manpower Requirements 

The majority of the work force underground will be hourly employees 
consisting of drillers, LHD operators, mechanics, powdermen, pipe fitters, 
electricians, conveyor beltmen and laborers, Table 4.6. The supervisory 
personnel will consist of a mine foreman, shift foreman, maintenance fore- 
man, Surveyors and engineers. 

Hourly personnel will range from 70 to 102 per day for Phases III and 
IV, depending upon.the amount of development completed. Supervisory person- 
nel will not exceed six throughout the life of the project. 

Personnel required for Phase V will be used primarily in surface restor- 
ation and site abandonment proceedures. If the facility remains open for 
a period of time, but not operated, a small crew of four men will perform 
inspection and maintenance work only. 


4.4.9 Underground Equipment Requirements 
A list of the underground equipment necessary to operate the proposed 
pilot mine is given in Table 4.7. Equipment selection has been based on 
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Table 4.6 Mine Manpower Requirements 


Personnel | Phase III Phase IV 
Day Afternoon Day Afternoon 
Salary 


Mining Engineer 
Shift Foreman 

Mine Foreman 
Maintenance Foreman 
Surveyor 

Surveyor Helper 
Technician 
Accountant 
Secretary 


wflrimi 
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Hourly Underground 


LHD Operator 
Driller 

Rock Bolter 
Powdernan 
Pipefitter- 
Mechanic 
Mechanic Helper: 
Electrician 
Flrectrician helper 
Welder 

Backfil Iman 
Conveyorman 
Laborer 
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Hourly Surface 


Mechanic 

Mechanic Helper 

Suppl yman 

Cage Tender 

Hoistinan 

Janitor 

Watchman 

Heavy Equipment Operator 
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Table 4.7 Underground Equipment List 


Item - 
LHD's 
ANFO Truck 


Face Jumbo & Rock Bolter 


Rock Bolt Macnine 


Lubrication & Fuel Truck 


Fan Drill 

Personnel Carrier 
Feeder Breakers 
Water Pumps 

Fans, Portable 
Conveyor Belt Drive 
Conveyor. Belt 
Transformers 

High Voltage Cable 
Ventilation Tubing 
Water Line 

Backfill Pump 

Water Line 
Portable Diamond Drill 


Fuel Line 


No. of Units Description 


8 B=Cy 5 Toor ny 
3 2,000-16 cap. 
a 2-boom percussion 
2 2-boom percussion 
] 500 gal. cap. 
2 2-boom electric 
| 10-man capacity 
4 200 hp (150 kw) 
16 400 hp (300 kw) 
6 30,000 cfm cap. 
] . 25 (19 kw) 
W200 +t | 36-inch 
2 . — 
7,500 ft. =f 
ey OA Cs 30-inch diameter 
TUR hts 8-inch diameter 
4 500 hp (370 kw) 
Feouuct bs 4-inch diameter 
el 30 hp (22 kw) 
2,300 ft.  3-inch diameter 
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best estimates of performance for currently available machines. Once 
detailed engineering for the proposed facility has been completed, 
modifications may be made in the final equipment selection. Drills, LHD's, 
reck bolters, ANFO trucks, lubrication and fuel trucks and personnel car- 
riers will have diesel engines for tramming. All diesel equipment will be 
permissible with adequate ventilation provided based on brake-horsepower out- 
put. 

A 10-man, diesel powered personnel carrier will be used to bring the 
miners to their various working areas. Three , 2-boom pneumatic face drills 
will be used for driving drifts and crosscuts. Each face drill will also 
be equipped with pneumatic roof bolters for rockbolting the back prior 
to drilling a new face. A second type of drill, a 2-boom electric fan drill, 
will be used to drill fan holes for chamber and pillar and sublevel 
stoping systems. Both drills can be equipped with enclosed cabs for noise 
and dust protection. 

ANFO trucks will be used for transporting explosives to the face or 
fan round for pneumatically priming and loading drill holes. 

Blasted muck will be removed from the face or stope by 5-yd> LHD mach- 
ines. A total of eight LHD's will be required to complete the project as 
presently designed. 

Four feeder breakers will be used to crush the rock to minus eight 
inches. The feeder breakers feed the crushed rock onto a 36-inch belt con- 
veyor which will them convey the are to the shaft pocket. | 


4.4.10 Underground Fuel and Power Requirements 

Electric power will be brought into the mine down the 20-foot diameter 
Shaft. Electric power will be required for fans, feeder breakers, water punps, 
sturry pumps, conveyor belt drives, fan drills, underground maintenance shop, 
and a portable diamond drill. The combined power needs for the equipment is — 
estimated at 173,000 kw per day, Table 4.8. A transformer on each level will 
be used to stepdown the power to required Teyels for each piece of equipment. 

Diesel fuel for underground equipment wit—be-—brought into the mine by 
a pipe from the surface. The pipe will be used to fill the lubrication and 
fuel trucks on each mining level. An estimated 1,375 gallons of fuel per day 
will be required to operate the underground diesel equipment, Table 4.9. 
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' Table 4.8 Underground Electric Power Requirements 


Ttens No. Units ku/Day 
Fans - 30,000 cfm 10 Py200 
Feeder Breakers 4 5.960 
Water Pumps 16 WZ¥26 
Slurry Pumps | 6 32,953 
Conveyor Belt Drive 1 150 
Underground Shop 1 1,490 
Portable Diamond Drill ] 220 
Fan Drill Z 3,140 


ee 


TOTAL 172,841] 


G A Mm & Rh O) N am Ne Gp i) Na EE: HB AR). § 


-efnemestone’ +ae00 


Table 4.9 Underground Fuel Requirements 


Item 

LHD 

Face Drill & Rock Bolter 
ANFO Truck 

Lubrication & Fuel Truck 
Personnel Carrier 

Fan DrilT 

Rock Bolter 
Miscellaneous 


id is |, ames 


nits 


No. U 


rns Mm — ™m G Gs © 
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960 
150 
60 


4.4.11 Communications | 

The communications system for the pilot mine will be a standard, hard- 
wired, page telephone network with extensions located at primary work areas, 
such as shaft stations, emergency facilities, and maintenance shop. This 
system will also be connected to the surface telephone network. 

The pilot mine will also be used to test other underground communication 
systems currently being developed by the Bureau of Mines. Such systems will 
include high-frequency and low-frequency radio as well as combination radio~ 
and hard-wired systems. In addition, visual, audible,and olfactory mine alarm 
systems will be evaluated for use. 


4.4.12 Health and Safety 

The health and safety of underground and surface personnel will be of 
the utmost importance in this pilot mine design. Therefore, all persons while 
underground and on the surface will be equipped with hard hats, protective 
footwear,and safety glasses. All underground personnel will wear battery cap 
lamps and carry a self-rescuer. | 

All selected electrical equipmentwill_be rated as permissible for gassy 


mines. Diesel equipment will also comply with regulations for gassy mines. 
Where conveyor belts are used they will be classed as fire resistant, and in 
addition, a steel water line will be placed parallel to the belt for fire 
protection. 

The conveyor belt entry will also be isolated from the intake air entries 
by fire proof stoppings (constructed of cinder blocks). A11 equipment, 
either mobile or stationary, will include dry chemical fire extinguishers. 

In case of emergency, telephones will be located near all working sections, 
feeder breakers, belt drives and other strategic locations. Located with the 
telephones will be first aid kits and stretcher sets. Personnel carriers will 
remain parked near the working sections-at al] times. Supervisors will carry 
portable methane and hydrogen detectors for monitoring possible gas build-up 
in the working areas. | 

In case of injury a first aid attendant and ambulance with life supporting 
equipment will be available on the surface. 
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Underground ventilation will be designed so that there is no reuse of 
fresh air. The main ventilation fan will be installed on the surface ina 
fireproof housing situated far enough away from the shaft opening so that the 
fan will not be damaged in case of underground explosion. The fan will 
be equipped with fireproof air ducts, explosion proof doors, and an automatic 
change over control with a diesel engine for auxiliary power. 

Health and safety training will be given to ail employees on the surface 
and underground. A special rescue team, composed of shift miners, will be 


trained for use in mine emergencies. 


A413 Research Studies 


test new mining concepts. The research will be divided Into six main groups, 
rock mechanics, ventilation, blasting, stope backfilling, equipment design 

and evaluation, and novel mining concepts. Adequate time and space will be pro- 
vided in the mining plan for detailed research and data collection programs. 


4.4,.13.1 Rock Mechanics Studies 

Rock mechanics studies are divided into three general areas, rock substance 
physical properties, rock mass physical properties, and rock mass response. The 
data gathered from these areas will be-adequate to provide realistic design 
parameters necessary for safe and economical mine designs. Personnel performing 
the rock mechanics studies will be provided by the Bureau of Mines on an as needed 
basis. : 

Rock Substance Physical Properties. Physical testing of rock specimens will 


‘be made to determine unit weight, porosity, compressive strength, tensile strength, 
shear strength, deformation modulus, Poisson's ratio, rock anisotropy, cohesion, 
and angle of internal frictional resistance. Testing methods will include unconfined 
compression, indirect and pure tension, biaxial and triaxial, direct shear, and sonic 
testing. The majority of these tests will be performed by the Bureau of Mines. 
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Rock Mass Physical Properties. Rock mass physical properties are a com- 
posite of the in situ stresses, size, quantity and orientation of discontin- 
uities, and the rock substance physical properties. Orientation of the principal. 
stress axes will be determined using three basic techniques, stress relief 


_ overcoring, photo-elastic stress monitoring, and hydro-fracturing. Discontinuities, 


such as joints, faults, and shear zone will be mapped and logged with respect 
to attitudes, spacing, continuity, infilling, planarity, tightness, water content, 
and structure type. Rock mass deformation modulus tests using borehole jacks and 
in situ shear testing will also be performed. The entire rock mass physical 
testing program will be carried out in the pilot mine facility. 

Rock Mass Response. Monitoring of rock mass ‘response to excavation and 
stress redistribution will be an important part of the rock mechanics studies. 
Various techniques, such as convergence monitoring, photo-elastic stress mon- 
itoring, and displacement monitoring will be used to collect the data. Subsidence 
monitoring on_ the surface will be done using a sophisticated survey net to evaluate 
displacement, displacement vectors.and. displacement vector velocity. 7 These data 
will then be used to evaluate subsidence potential and rate. Rock mass response 


testing must necessarily be conducted at the pilot mine facility. 


4.4.13.2 Ventilation Studies 

Tests performed while drilling the exploratory drill holes indicate the 
presence of gases, such as methane and hydrogen sulfide. As.a result, the pilot 
mine facility will be designed for gassy conditions under Title 30, Code of 
Federal Regulations. Ventilation studies will be performed to determine the 
safest and most efficient techniques for ventilating the large stopes. Remote 
sensing equipment will be evaluated for locating gas: pockets that may develop 
in the open stopes. 


4.4.13.3 Blasting Studies 

The large production stopes envisioned for use in the oi] shale deposits 
require large scale blasting to efficiently fragment large tonnages of rock. 
Studies will be made to determine the most effective powder factor and drilling 
patterns that will produce desirable fragmentation. Experimentation will also 
be performed to determine the most efficient explosive initiation sequence and 
gas and dust suppression system for the mining systems. 
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4.4.13.4 Stope Backfilling | 

Two mining methods to be tested in the pilot mine require spent shale 
backfilling as an integral part of the mining sequence. Experimentation with 
hydraulic, pneumatic, and mechanical transportation of fill material, together with 
emplacement techniques, will be made to determine the most feasible methods for 
backfilling stopes. 


4.4.13.5 Equipment Design and Evaluation 

Several types of equipment will be evaluated for use in large production, 
rapid excavation mining methods. Rotary hydraulic drills, LHD machines, conveyor | 
belts, and other transporting techniques are among those that will be tested and 
evaluated. As problems are encountered, equipment modifications will be made or 
novel equipment will be designed to best alleviate the problems. 


4.4.13.6 Other Mining Concepts 

A portion of the pilot mine has been designated for testing other mining 
concepts not previously considered. Only those concepts with reasonable merit 
will be evaluated. 


4.5 ABANDONMENT PLANS 
The exact operating life of the proposed pilot mine is difficult to predict 
and it would be misleading to state the development and operating life is exactly 
nine years. Disposition of the mine and surface facilities at the end of Phase 
IV will depend on: 
The economic viability of the oil shale resources left in place. 


The continued-use of the mine to research additional novel and 
potentially useful mining concepts in 071 shale. 


The potential worth of the associated minerals. 
The extent of private industry interest in using the facility. 
The value of the proposed tract to adjacent lease holders. 

The facility may also be put on a standby status, if conditions warrant, 
until a final decision is made as to its disposition. If the plant is leased, 
the lessee would assume al] obligations to comply with current agreements and. 
maintain all surface facilities and embankments. If modifications are proposed 
to put the mine into production, all current agreements, unless modified by the 
authorized government agency, will be enforced. Should the life of the proposed 
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facility be extended by the Bureau of Mines for continuing research and testing, 
all agreements and stipulations binding at that time will continue. 

In the event the facility is decommissioned, the specific plans for abandon- 
ment are outlined below: 


Surface plant facilities - all salable items will be dismantled and 
removed from the site for salvage or sale. 


Concrete building foundations will be broken up and graded to 
approximate original ground contours. 


Hard surfaced roads will be broken up in-place and. graded. 


Underground pipes and culverts will be broken up or left in place 
and plugged. 


Embankments will be leveled, filled with earth, or turned over 
to government or local wildlife organizations. 


Ore left in the stockpile will be covered with topsoil and re- 
vegetated. The stockpile will be covered in such a manner that 
in-place leaching is minimized. 


All knocked down areas and the plant site will be covered with top- 
soil and revegetated sufficiently to prevent wind and water erosion. 
Sidehill cuts and benches will be filled or smoothed. 

Mine shafts will be filled and plugged with rock. 

All secondary roads will be graded to remove drainage structures, 
and asters ¥. 


mach uate maintenance time aa eh aaa a will be provided to prevent invasion 
by. undesirable species and to ensure the viability of new plants. 
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an) SOCIOCULTURAL ACTIONS 


S| GEOGRAPHICAL RELATIONSHIPS AND TRANSPORTATION 
Established living areas closest to the prototype mine site are Meeker, 
Rangely,and Rifle, Figure 3.6. 


le Highways 

A secondary all-weather hard surfaced road, County Road 5, Fiaure 5.1, 
parallels Piceance Creek between Rio Blanco and Colorado Highway 64. Col- 
orado 64 is a primary all-weather hard surfaced road. Beth Rangely and 
Meeker are close.to 64. Route 13 parallels Government Creek and is a 
primary hard surface road connecting Rio Blanco and Rifle, Figure 2.0’ 
The traveling distance from the site to Rangely is approximately 50 miles; 
distance from the site to Meeker is 35 miles. Rifle is about 43 miles away 


from the site. 


Oe ie Air Service 

Walker Fiela, on the outskirts of Grand Junction, is the largest 
airport facility between Denver and Salt Lake City. It is a complete 
service airport, equipped for instrument landing, and is the only air- 
port in the regicn providing regular scheduled airline service. Frontier 
Airlines, United Air Lines,and Western Air Stages provide direct service 
to many cities and towns. Terminal facilities include airline ticket 
counters, waiting area, restaurant,and car rental agencies. Commercial 
service and repair facilities are provided as well as light aircraft 
sales and pilot instruction. The FAA and U.S. Weather Bureau are both 
located at Walker Field. 

Small municipal airports are located at Meeker, Rangely, Rifle, and 
Glenwood Springs. They all have asphalt landing strips. Services vary 
from airport to airport, but include charter service, flight instruction, 
fuel service, aircraft maintenance, and air taxi/freight services. There 
is also a private unpaved landing strip, with no services, owned by 
General Petroleum in the vicinity of Piceance Creek in Rio Blanco 
County. 
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Figure 5.1 County Road 5, Piceance Creek Road 
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apa Railroads 

The main Denver and Rio Grande Western Railroad line runs through 
the region roughly along the Colorado River, serving Glenwood Springs, 
Rifle, Grand Junction, and towns between these cities. In addition to 
continual freight service every day, the line provides east and west- 


bound passenger service every other day. 


5.1.4 Bus Service 

There are two bus companies operating in the region. Essentially, 
each company covers different routes. Continental Trailways serves the 
region with three buses daily, both eastbound and westbound, along Routes 
6 and 24 between Denver and Salt Lake City. In addition, Grand Junction 
is served by two buses daily to and from Pueblo and one bus daily to and 
from Durango. The Wilderness Transit Company operates one bus a day, in 
each direction, between Craig and Grand Junction through Meeker and Rifle. 


Boe HISTORY 
ST fos Rangely 
Rangely was founded on the summer grazing ranges of Rio Blanco cattle- 
men when the oil field was discovered in the mid-1940's. This oil field 
was one of the world's richest during its most productive years, and Rangely's 
population increased from about 20 to more than 4,000 during its boom years. 
The town's social and economic ties have historically been focused 
more strongly toward Utah than Colorado. In July 1946, the Denver Post 
called Rangely "an economic suburb of Salt Lake City". The isolation of 
Rangely from the rest of Colorado is partly because Utah is more accessible 
physically, but for nearly 40 years citizens. in Rangely asked the State of 
Colorado for a road through Douglas Pass to Grand Junction. The road was 
finally built in 1960, but only after a three-county coalition was formed. 
Rangely residents have survived the boom of the 1940's and are ac- 
customed to industry-related workers living in the town. Rangely is positive 
about expansion and new growth. The town has the social, historical, and 
geographical capacity to expand without using agricultural land for growth, 
Figures 5.2, 5.3. 
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Figure 5.3 Part of Rangely Field, an 071 Well Next to Residential Area 
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Ores te Meeker 


After the slaying of Indian Agent Nathan C. Meeker, in 1879 a permanent 
military camp was established in Meeker, on the site of the courthouse 
building. In 1883 the military installation was closed and all the buildings 
were sold. The new residents of the ready-made town decided unanimously on the 
name of Meeker, after the slain Indian Agent. Meeker was incorporated in 1885 
and for the next 20 years was the only incorporated town in. northwest Colorado. 
It became the center for agriculture, ranching, and banking in the area. 

Pioneers from all over the United States settled in Meeker and many 
families in the town today are descendents of those original settlers. A 
strong sense of community history is shared by the residents of Meeker. They 
support the White River Museum and the Historical Society. The friendly, open 
nature of Meeker residents is reflected in their "take care of one another" 
social system. This system contributes to community strength but also leaves 
the community highly vulnerable to negative impacts. 

Residents are not anti-growth but they are concerned with the preservation 
of their system, which is based on common knowiedge and trust. Because they 
have heard energy-related growth rumors before, residents of Meeker are taking 
a wait-and-see-position, and therefore are not included in any decision making 
activities which will influence them, Figures 5.4, 5.5. 


eens Rifle 


Rifle's history is initimately linked with the railroads’ movement across 
Colorado. Shortly after the turn of the century, when the Denver and Rio 
Grande tracks were built into Rifle, the townsite was moved to a location 
“more convenient to the tracks. Rifle was the most conveniently located 
settlement with a railhead, and for many years the only place from which 
ranchers shipped cattle. So, in addition to being a stopping place for east- 
west shipments and travelers, Rifle also drew trade from a north-south dir- 
ection. Today Rifle has Colorado 13, the only all-weather highway connecting 
I-70 and I-80 between Denver and Salt Lake City. 

Since the Anvil Points test programs began in 1929, Rifle has called it- 
self "Oil Shale Capital of the World." Other industries have also centered in 


Rifle; Union Carbide Corporation and Occidental both employ workers from Rifle. 
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Figure 5.5 Highway 13 Through Meeker 
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Many Rifle citizens are, or have been, employed by industries in 
the area. Since 1929, the town residents have been expecting oil shale 
development. Rifle's viability as a small town between Glenwood Springs 
and Grand Junction could be improved by oii shale developments. Many Rifle 
residents look forward to the oi] shale industry centering near their town, 
Figures 5.5, 5.6 


DES PUBLIC FACILITIES 


536d Housing 

Housing characteristics in Rifle, Meeker and Rangely are summarized on 
Table 5.1. At the present time, it is estimated that housing is available 
in Rangely, to a smaller extent in Rifle, but perhaps not at all in Meeker. 
However, construction of space for 400 mobile homes in Meeker, 290 in Rifle, 
and 700 in the Grand Valley area have been made (11). 


ee re Water 

Rifle's water system has some excess capacity and the town 1s searching 
for funds to upgrade the water system. Rangely’s water system has some excess 
capacity, but Meeker's system is at capacity. Both towns are in the process 
of enlarging their water systems (11, 12, 13). 


SE as: Sewage. 


Rifle's sewage system was operating at 66 percent capacity in 1973. 
Presently, Rangely's sewage system is about 75 percent utilized, but Meeker's 
sewage system 1S operating at full capacity. Both Rangely and Meeker are 
devoloping plans to enlarge their systems (11, 12, 13). 


a Se! Utilities 


Rifle receives electricity and natural gas from the Public Service 
Company of Colorado, an investor-owned utility. The town's electric line 
is 69 kv. Telephone service to Rifle is from Mountain Bell. 
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Figure 5.7 ‘Fairgrounds at Rifle 
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Table 5.1 Selected Housing Characteristics, 1970 


Number of Owner Occupied Renter Occupied 
Housing Units meee ae © econ) 
Rifle 803 503 ; 236 
Median Value/Rent $12,400 $69 
Meeker 660 393 150 
Median Value/Rent $11,300 $65 
Rangely 502 (aie 165 
Median Value/Rent $11,800 $79 
Source: Wengert, 1973 
5-9 


Meeker receives electricity from the White River Electric Association, 
which is a cooperative and a member of the Colorado-Ute Association. The 
_ town receives natural gas services from Greeley Gas. Telephone service 
is provided by Mountain Bell. 

Rangely's electrical service is provided by Moon Lake Electrical 
Association, which is a cooperative and a member of the Colorado-Ute Assoc- 
jation. “They receive natural gas from Western Slope Gas Company and Cascade 
Natural Gas Corporation. Mountain Bell also provides Rangely's telephone 
service (13). 


Bie at Health 

All three towns have hospitals and Grand Junction has three. Meeker 
and Rifle also have nursing hones. None of these communities, however, have 
good health planning (12, 14). 


Se Educational 


Both Meeker and Rangely have excellent student/teacher ratios. Rio Blanco 
County's average educational attainment is 12.4 years, and Garfield County's 
ideo years..| La). 


ieee} Other Facilities 


Rifle and Meeker are largely self-sufficient in terms of shopping fac- 
ilities. Rifle's shopping facilities are the best of the two towns, but Grand 
_ Junction is very convenient to Rifle shoppers. Residents of Rangely have 
traditionally traded in Vernal, Utah, and as a result their shoppina facili- 
ties are not well developed. ; 

Recreational facilities in the three towns are not highly developed. 

Much recreational activity concentrates on informal outdoor activities. 


Downhill ski areas are within driving distance of the Piceance basin. 


5.4 PROJECT PHASING 
The mine project has been divided into five phases. Phase I, site 
preparation, will require a work force of 36. This phase will last 12 months. 
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Phase II, shaft sinking and surface plant coristruction should last about 
2.5 years. Three shifts per day will be worked during this phase, and approx- 
imately 20 workers will be required per shift. 

Phase III has a duration of nine months during which mine development 
and the ventilation circuit will be completed. Two shifts per day will be 
worked and 44 workers will be required for each shift. These workers will 
remain with the project for about five years. 

Phase IV is the mine testing phase. During this phase an additional 
16 people per shift will be hired, and remain on the job for about four years. 

Phase V is the final phase of operations presently planned for the mine. 
The work force requirements for this phase vary from 20 workers per shift to 
a skeleton crew of four whose primary task is mine inspection. These work- 
force figures are summarized on Figure 4.2. | 


5.5 RECOMMENDATIONS 

Community acceptance of a proposed project benefits the community as 
well as the industry. To establish acceptance of an industry, communication 
between the industry and the community is essential. Communities in the 
Piceance basin area should be informed of pending developments nearby and 
invited to take part in decision making that will affect them. . 

The greatest number of workers employed at a single time on the proposed 
project is about 120. This small number and their families could probably 
find housing near the plant winout teo much difficulty. However, the avatl- 
ability of housing and public facilities will probably present problems to in- 
coming workers if other oil shale developments are operating in the Piceance 
basin. Whenever possible, workers who already live near the Piceance basin 
should be hired. Efforts should be made to train workers for jobs, so that 
employee longevity is high. Many people around the basin have held industria! 
jobs in the past and could readily adapt to the proposed operation. 

Hiring workers through family or friend contacts increases the acceptance 
of an industry in a community. Often, workers are inclined to produce more 
and remain with their jobs longer when hired in this manner. 

Because the travel distances to the mine site are large, consideration 
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should be given to bus transportation for workers. Bus transportation will 
minimize various impacts on the Piceance basin, reduce the required park- 
ing space at the site, and saye the workers time and money. 


f6 EFFECT OF ABANDONMENT AND STANDBY 

The effects of either abandonment or standby actions will depend to 
a certain extent on what other industries will be in the area, and whether other 
jobs will be available. If jobs were available elsewhere, and laid-off employees 
wanted work, the effect could be the added expense of training new employees 
when operations began again. If work were not available elsewhere, or if 
workers did not want jobs, an undesirable increase in unemployment compensation 
Spending could result. To avoid placing this burden on the citizens of Colorado, 
efforts should be made to place employees in new jobs if abandonment or standby 
actions become necessary. 
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6.0 SUMMARY OF MITIGATING ACTIONS 


This section summarizes mitigating actions that have been presented 
throughout the development plan. 


6.1 AIR QUALITY 


et Underground 


Three major air contaminants will be produced during mine development and 
mining operations. They are dust, diesel exhaust fumes, and blast fumes. 


Water sprays and water fogging devices will generally be used to control 
dust generated in the following areas: 
. Muck piles. | 
. Feeder breaker (crushers) loading and discharge points. 
. Conveyor belt discharge into the ore bin. 
. Measuring nocket loading points. 
. Haulageways (underoround roadways). 
All underground drilling will use water flushing for chip removal to control 


dust generation. 


Sufficient ventilation will be supplied to dilute diesel exhaust fumes to 
safe, comfortable. levels. Wet scrubbers will also be used to cool exhaust 
gases, remove some of the particulate matter, and reduce the amount of CO 
generated. The amount of ventilation required for diesel exhaust dilution 
will also provide more than adequate dilution for gases generated by blasting. 


Gos bae Surface 


Gas and particulate contaminants exhausted from the mine will be su 
diluted to cause negligible impact at the surface. 


Major areas of dust generation on the surface will be: 
Access roads. 
Ore storage bin during dumping. 
. Truck loading point. 
. Truck haul roads. 
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Access and haul roads will be watered regularly as needed. Loading and 
dumping points will be provided with water sprays. However, ore hoisted to 
the surface will probably have been wetted previously and dust generation, if 
any, will be minimal. 


Sve WATER QUALITY 


Water from the underground mine, runoff from the oi] shale stockpile, 
and runoff from the mine plant area will be pumped to the saline water storage 
dam and diluted to acceptable quality before discharge into Horse Draw. Water 
discharge rates will be controlled to prevent excessive erosion. Monitoring 
stations will be maintained near the confluence of Horse Draw and Piceance 
Creek to ensure water quality standards are met. 


Suspended sediment in the water will be lessened by runoff control on 
roads, grading and ditching of the surface plant site, and limiting the sur- 
face disturbance due to drilling pad construction. Seismic lines will utilize 

xisting roads and trails as much as possible; new roads and trails will 


not be bladed. 


Where surface stripping of soil is required, the soil will be stockpiled. 
Revegetation will commence as soon as passible to reduce erosion and sediment 
loads during periods of runoff. 


Sewage pollution will be prevented through the use of composting toilets 
underground, in the office/changehouse, and in the repair shop. Biodegradable 
soap will be furnished in the shower areas. 


Fuel storage tanks will be surrounded by impermeable, protective berms 
with sufficient capacity to prevent fuel spills on the surface. Waste oil from 
machinery will be stored and returned to the supplier for recycling. - 


6.0 NOISE CONTROL 


Surface structures containing noise generating machinery will be sound- 
proofed as much as practicable, to reduce outside noise levels. All surface 
and underground mobile equipment will have properly maintained standard muffling 
systems. Where muffling systems are inadequate, personnel will be required to 
wear approved ear protective devices. 
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6.4 AESTHETIC CONSIDERATIONS 


Above ground structures will-be painted colors that blend with the land- 
scape. Disturbed surface areas will be revegetated as soon as possible. 
Roads and building sites will be provided with well maintained drainage systems 
-to prevent gullying or sheet erosion. 


The main access road and power line will utilize the same corridor. 
Two-way radio-telephone communications will be used to eliminate the need for 
telephone poles. 


6.9 FIRE PROTECTION, HEALTH AND SAFETY 


All underground and surface equipment will carry dry chemical fire extinguishers. 
A 20,060 gallon capacity potable water tank will be used for emergency fire 
fighting. In addition, the 5,000 gallon capacity water truck will also provide 
nobile fire fighting support. Surface fuel storage tanks will be constructed 
according to National Fire Protection Association standards. Only permissible 
equipment will be used underground. Conveyor belts will be classed fire resistant 
with a stcel wate: line providing additional fire protection. 


Hard hats, protective footwear, and safety glasses will be required 
for all surface and underground employees. Underground personnel will have 
individual battery cap lamps and self rescuers. Telephones, first aid kits, 
and stretcher sets will be located near working sections, feeder breakers 
(crushers), conveyor belt drives, and other strategic locations. Personnel 
carriers will remain parked near working sections at all times. Supervisors 
will carry portable gas detectors. An individual trained in first aid and an 
ambulance will be available on the surface in case of injury. | 


Underground ventilation will be designed so that there is no reuse of 
fresh air. The primary ventilation fan will be located on the surface in a 
fire and explosion proof building. The fan will be eauipped with fireproof air 
ducts, explosion doors, and an emergency back up power source. In case of 
emergency, the ventilation shaft will also be used as an emergency escapeway. 


Health and safety training will be given to all employees. A special 
rescue team, composed of supervisory personnel and shift miners, will be trained 


for use inmine emergencies. 
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6.6 — SOCIOCULTURAL 


Sociocultural impacts of the proposed pilot demonstration mine will be 
mitigated by the following activities: 
. Workers will be hired from surrounding communities whenever possible. 


. vdob and first aid training will be provided to skilled and unskilled 
laborers. 


- Industry/community communication will precede mine development 
activities. 


. Upon project completion, employees will be qiven aid in findina 
new jobs. 


. The job skill base of surrounding towns will be broadened by 
the influx of skilled mine personnel. 


6.7 ROADS 


The main access will be constructed hich on the flood plain to minimize 
impact to the drainage system. Adequate drainage ditches and permanent culverts 
will be maintained to prevent erosion as shown in Figure 6.1. Other access 
and haul roads will be graded to control rut and gully development. Al1 
roads will be wetted to control dust. Road construction will be done accordine 
to AASHO standards. Attempts to reduce road traffic by encouraging car pools will 
be made. 


6.8 REVEGETATION 


Dam sites and the surface plant site will be cleared, grubbed,and stripped 
prior to construction. Topsoil will be stockpiled and used later for revegetation. 
After construction is complete, areas on the surface plant site not used for 
access or storage will be revegetated. In addition, the downstream faces of 
dams will be revegetated. 


Rock remaining in the ore stockpile will be revegetated upon completion of 
the project. ) 


6.9 SUBSIDENCE 


The maximum vertical subsidence of the surface due to mining operations 
as presently planned is expected to be no greater than 1.3 feet. Surface 
damage due to horizontal compressive and tensile strains wil? be negligible. 
A sophisticated surface monitoring network will be maintained to monitor 
subsidence effects. All subsidence effects will be contained in an area of less 


than 100 acres. 
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Figure 6.1 Erosion of Unimproved Dirt Road to Proposed Site 
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6.10 WILDLIFE PROTECTION 


Hazardous areas such as explosive and cap magazines, power substation, | 
exhaust fan and shaft, production/service/intake shaft, will be fenced by 
a heavy duty chain link fence to prevent wildlife and livestock from entering. 
These individual compounds are not large enough to cause wildlife migration and 
movement patterns to change considerably. 


Raptor proof, H-Frame, two-pole power poles will be used to bring the 


power line on site. Raptor perches and minimum power Tine horizontal spacing 
of 20 feet will. be standard. 
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ee ABANDONMENT AND RECLAMATION PLANS 


When all research activities are completed in the proposed pilot demon- 
stration mine, the facility may be leased by the Department of Interior or 
abandoned. If the facility is not leased, decommissioning and reclamation 
activities will] begin and take approximately eight months to complete. The 
following subsections describe the abandonment and reclamation plans during the 
final phase of operation. 


ye MINED SHALE STOCKPILE Pry 
Since the mined oi] shale will have a potential market value, attempts 
will be made to sell the ore and have it removed from the site. For this 
reason, the stockpile will be considered temporary and not revedetated as it 
is constructed. | 
During the abandonment phase, however, any ore remaining in the stockpile 
will be revegetated. A recommended method for revegetation is presented below (16): 
. The stockpile will be contoured to blend with the surrouncaina area. 


. Three feet of coarse rock will be placed over the oi] shale to 
form a capillary break. 


. A layer of finer material will be placed over the coarse rock 
to help retain soi] moisture. 


. Stockpiled topsoil will then be spread over the layer of fine 
rock up to a thickness of about two feet and revecetated. 


This system of revegetation will inhibit the upward miaration of soluble 
salts thereby reducing plant root damage. In addition, the finer layer of 
rock will help retain moisture in the soil and prevent the downward 


leaching of oil snale. 


pes DAMS 
The water catchment dam and saline water storage dam will be disposed of 
in one of four possible ways: 
. Impoundment areas will be filled and revegetated. 
Earthfil embankments will be knocked down, araded and revegetated. 


. Dams will be turned over to Federal, state or local wildlife 
organizations. 


Dams will be left as permanent drainage control structures, in 
accordance with appropriate government approvals and permits. 
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If the dams are used as wildlife watering areas, full responsiblity for 
site and embankment maintenance will be transferred to the receiving party. 
Material from knocked down embankments will be used.as fill for other reclaimed 


areas. Spillways will also be replaced with rock and Fill material. 


fh ROADS 

Existing hard. surfaced roads (built only if necessary as a mitigating 
action) will be broken up in place, graded and revegetated. Secondary roads 
will be graded, drainage structures removed, and revegetated. Sidehill cuts 
and benches will be filled or smoothed and revegetated. All signs will be 
removed, | 


7.4 BUILDINGS | 

Prefabricated buildings will be dismantled and removed. Other buildings 
will be knocked down and all metal and lumber salvaged. Concrete foundations 
will be broken up in place and graded to approximate original contours. All 
knocked down areas will then be covered with topsoil and revegetated. All fences 
will be salvaged. 


ps POWER CORRIDORS 

The electric substation will be dismantled and removed by the White River 
Electric Company. Foundations will be broken up in place, graded, and. revegetated. 
Power lines and poles will be salvaged by the electric utility. 


Pou SHAFTS 

Headframe and hoisthouse will be dismantled and removed. Concrete 
foundations and footings will be broken in place, covered with topsoil and 
- revegetated. Shaft dividers and guides will be removed from the shaft, the 
shaft collar broken up to below grade, and the shaft filled with broken rock. 
The entire area will be graded and revegetated. 


dd SUBSIDENCE DAMAGE RECLAMATION 

Surface subsidence effects induced by underground mining will be minimal. 
The maximum expected vertical subsidence, using the proposed mine design in 
Section 4.0,is 1.3 feet. The largest horizontal ground strains may not pro- 
duce noticeable surface damage. However, if the proposed mining systems are mod- 
ified and result in greater subsidence,steps for reclaiming the disturbed area 


/-2 


Oo A M-& & O 'N Se ag © il a a A Se 


aa 1. ie : if 


j Buys: oe 
ne atiatane nt BF 


waa 


’ : 1) 


: ‘ ‘ 
i | 0 
mn y 


u 


bamtafoen t a 0: oR ee hi ‘ad he “edmcavkevsn an yt er. f 


i? cy ne ‘ 
° fetaadim FC ‘one Aso v9 ben ateor a lech a 
, tne rit ld bv ath: dp | a ™ 4 . i ‘ Pg i 


sheon ytpbniosed . bade aeev xy bat beh my B20) 4 
an a oe 1) me edind " : tat 
rg bot ATHE? v oa | ie a 4h Dy Nand t; fh) tf ’ ; z sun st atte 


(TA, -vhotetebovey Dab: bans nkee 16°02 many 


¥ 9 


, : b ‘ a Ae 

\ od weasel? Baye | hast ft) EPS i Ep tp ann i) ‘yodes ; 
y! , per tae r* y Ai Soe ae ae we 

> | ane 0) it 4 ui Ais | F ; ai if » baw ‘pig: bey 

otaso. Teokbieo  atnadxegs et Sabose eae mee nt.q 
: ° : ; ol 

a -e] : 
7 eo % 
: my ; 


| Gy sps00 9 rene ) 


A ad) iw sds ud bovemor’ bas baltoameth se Ti iws ott venue tants 


rs o¢ ¥ iy 
sjepeyva bis. .b8heip yslq ot au apderd' ad (thw 2 norepe a ae 
4 -vitligy ofijoals ond. ys Dbopavise od Lhe sis 


nase tb ‘od thw #2 id a ing ‘ik 


pis 
me F 
atayonod. . BaVOreay D6 Oise ; yaad 

froecad adtw bovewia .soaia of nado od Titw nee 


D iS igGeEwe iwi wv ieee ia «8 
it of TGN2 ‘att morry bavomot ad FT ty aabt Ug bas eishivib aM 
, : ‘wie 


id ‘citthw bor tt? Peat sty. bi DAY worod ‘od 


gov anata 
| Lpat4o9pe voy bas baby: 
SPEED akon vee i 


. ‘ an oe jouer 9 = won thee ae 
1 66 sent ad Ley Dare bovorprabii wh ‘basyont 2 3 x 


a atoapiesh sate be SeoYyOrq ade pose 
Noo se gts a, 


: ~orif, $00 wan etorcae hot _ phioere hl isi 
Ni Pale amas aye on gait snoqond ro Mon 


; | 80°86 barns “4 
r fi : es 


od tis 


mth 


will depend on the amount of damage and whether it will be safe for machinery 
to operate over the area. 


ids: REVEGETATION 

More studies on vegetation of processed shale have been undertaken than 
studies on revegetation of artificial soil profiles in climates similar to the 
Piceance Creek basin's. Oi1 shale contains large. amounts of soluble salts that 
inhibit plant growth. Continuous leaching of oi] shale is therefore required to 
revegetate raw shale covered only by a thin soil layer. 

Two types of land disturbances will require revegetation. All disturbances 
resulting from exploratory core hole drilling, road and power corridor construction, 
and construction of underground and surface facilities will be revegetated. Any 
stockpiled oil shale remaining at the time of decommissioning will also require 
revegetation. 


fap. Revegetation of Disturbed Surfaces 

Disturbed surfaces on the site will be relatively limited in extent. 

However, to further limit erosion damage, disturbed land will be revegetated as 
soon aS possible. In most locations, soil will be stripped and stockpiled 

before disturbances begin. The topsoil will be replaced before revegetation except 
smal] disturbed areas where soil stockpiling is not practical. Then subsoil may 

be revegetated directly. . 

Slope roughening practices will be used to decrease runoff and slow water 
movement. Water's ability to detach and transport soil particles is reduced by 
these practices. Scarification and pocket cuts at varying intervals on a slope 
are two roughening practices usable on the site. 

Revegetation in the Piceance basin will be. controlled by seasonal climate. 
Surface disturbances that occur in the very late fall or winter cannot be success- 
fully revegetated promptly. Land disturbed at this time of year will be protected 
by cover material. .Many different types of cover materials are on the market; 
when cover material is applied as an initial step in revegetation, it should also 
be a good mulch. 

Topsoil will be replaced and seeded. Experiments are currently in progress to 
determine the best types of vegetation, combinations of vegetation, timing of 
seeding, method of seeding, rate of seeding,and types of fertilizer for use in the 
Piceance basin. | 
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Mulches hasten the establishment of vegetation by increasing water infil- 
tration, moisture retention, and lowering soil temperature and evaporation. Many 
mulches have been tested, and their suitability and disadvantages vary under 
different conditions. Straw is. widely used as a mulch because of its demonstrated 
success, availability, and low cost. It is best to use straw in combination with 
some kind of stabilizing netting to keep it intact and in place. 

Preliminary soil surveys indicate that fertilizer will be necessary only in 
minimum amounts. Further analyses will determine specifically the nutrient and 
organic content of the soils, and the type of fertilizer necessary. 

Revegetation in the semi-arid west is limited by low soil moisture. Annual 
precipitation at the proposed site area ranges from 12 to 25 inches per year, 
approximately half of which occurs as snow. Although some species in the basin 
can be successfully reseeded without supplemental irrigation, revegetation plans 
should not depend on average rates of rainfall for initial plant establishment. 

A sprinkling system will be used to aid in establishment of revegetation. It is 
expected that the three wells in the upper aquifer will provide plenty of water 
for irrigation. 

Seeded areas will be maintained following initial revegetation procedures. 
Additional fertilizer and irrigation may be necessary in the second year of 
establishment. Undesirable plants can probably be controlled by prompt revegetation 
and mechanical methods such as tilling. 


TuBee Vegetation of Mined Shale Stockpile 

Initially, the shale stockpile will be graded to approximate surrounding 
ground contours.. Once the contouring is completed, creation of an artificial 
soil profile, discussed in 7.1, will begin. After the soil profile is in place, 
the vegetation procedures described in 7.8.1 will be followed. 


7.9 POTABLE WATER WELLS / | 

Two of the three potable water wells will be dismantled and capped during 
the abandonment phase. The third well will be used as a source of irrigation — 
water for revegetation purposes. At the end of the second year, assuming 
revegetation is completed, the weil will be dismantled ana capped. 
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